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(57) A method of preparing a low allergic natural 
rubber latex which is less llkeiy to cause allergy, com- 
prising adding a protease having an exopeptidase ac- 
tivity to a natural rubber latex and aging the natural rub- 
ber latex, thereby to decompose a protein in the latex to 
such a degree that the protein and its decomposition 
products, which have a number-average molecular 
weight of 4500 or more, are not detectable; a method of 
preparing a deproteinized natural rubber latex which is 
less likely to cause allergy, comprising adding an alkali 
protease to a natural rubber latex, thereby to decom- 
pose a protein in the latex, adding a protease having an 
exopeptidase activity, thereby further to decompose the 
protein and decomposition products thereof in the latex, 
and removing the protein and the decomposition prod- 
ucts thereof; a low allergic natural rubber obtained by a 
decomposition treatment of a protein, wherein the pro- 
tein and its protein decomposition products, which have 
a number-average molecular weight of 4500 or more, 
are not detectable; and a deproteinized natural rubber 
obtained by decomposition and removal treatment of a 
protein, wherein the content of the protein is 0.02% or 
less in terms of nitrogen content, an absorption at 3280 
cm -1 is not recognizable in an infrared absorption spec- 
trum, and the protein and a protein decomposition prod- 
uct, which have a number-average molecular weight of 
4500 or more, are not detectable. 
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Description 

BACKGROUND OF THE INVENTION 

s [0001] The present invention relates to a method of preparing a natural rubber latex and a method of preparing a 
deprotelnlzed natural rubber latex, which are less likely to cause allergy, and a low allergic natural rubber and a de- 
proteinized natural rubber 

[0002] Natural rubbers have widely been used in various fields, for example, household appliances such as gloves, 
medical appliances such as surgical gloves and various catheters, lactation appliances, contraceptive devices and the 
10 like because of features such as large extension, high elasticity and strong film strength. It has recently been reported 
that, when using medical appliances made of natural rubber, such as surgical gloves and various catheters, immediate 
(I type) allergy, which shows symptoms such as respiratory distress and anaphylactoid symptoms (e.g. vascular edema ; 
urttlcation, cyanosis, etc.), is caused, it is presumed that such immediate allergy is caused by a protein, as an antigen, 
in the natural rubber 

is [0003] Accordingly, a trial to extensively remove protein from natural rubber latex has recently been made and Jap- 
anese Patent No. 2,905,005 [Japanese Published Unexamined Patent (KokaiTokkyoKoho Hei) No. 6-56902] discloses 
a method of adding a proteolytic enzyme such as alkali protease and a surfactant to a natural rubber latex, thereby 
subjecting to a deproteinization treatment, and sufficiently washing the latex by a centrlfugation treatment. 
[0004] According to the method described in the above patent publication, the protein in the natural rubber can be 

20 highly decomposed and removed. Specifically, the amount of the protein contained in the natural rubber, which is 
represented by the nitrogen content (N%) as determined by the Kjeldahl's method, can be controlled to a very low 
value such as 0.02% or less. It is generally presumed thatthe natural rubber Is a mixture of a high-molecular component 
having a number-average molecular weight <Mn> of 1 ,000,000 to 2,500,000 and a low-molecular component having 
a number-average molecular weight of 100,000 to 200,000, the former high-molecular component being formed by 

25 mutually bonding the low-molecular components via peptide molecules contained in the natural rubber. Assuming that 
the molecular weight of the low-molecular component, which is deemed to be formed by original biosynthesis, is 
100,000 and one peptide molecule in an intermolecular bond, i.e. one nitrogen atom (atomic weight: 14) is bonded 
based on one rubber molecule of this low-moiecular component, the nitrogen content of the natural rubber is 0.014%. 
Accordingly, it Is considered that about 0.02% of nitrogen inevitably remains even if subjected to a high deproteinization 

30 treatment. 

[0005] In case of being subjected to the deproteinization treatment by the method described in the above publication, 
an infrared absorption spectrum at 3280 cm" 1 peculiar to polypeptide is not observed in a rubber film formed by using 
the treated natural rubber latex. Therefore, it has been found that decomposition and removal of the protein are highly 
achieved by the method described in the above publication. 
35 [0006] However, as is apparent from recent studies, there still exists a possibility of exhibiting allergy even If the 
protein is decomposed and removed through various conventionally known deproteinization treatments; including the 
method described in the above publication. 
[0007] According to the present inventors, 

40 (|) analysis was carried out by an analysis system of a protein, comprising a combination of a time of flight (TOF) 

type mass spectrometer and a two-dimensional surface decorative chip so as to confirm what degree a protein 
and a decomposition product thereof remain in a natural rubber latex subjected to a deproteinization treatment by 
a conventional method, and 

(ii) In vitro measurement based on an antigen-antibody reaction using serum of human patients was carried out 
*s in place of conventional in vivo measurement by a patch test so as to confirm allergy of a natural rubber latex 

subjected to a deproteinization treatment by a conventional method. 

[0008] As a result, it has been found that: 

so (|) a protein or protein decomposition product having a number-average molecular weight <Mn> of about 4500 to 

4700 remains and the protein is not sufficiently decomposed, and 

(II) an allergic protein is included in the amount enough to cause immediate allergy even after the deproteinization 
treatment. 

55 [0009] The term "allergic protein" is defined as follows in the present invention. Any protein and decomposition prod- 
uct thereof (hereinafter referred to as a "whole protein") in a sample of a natural rubber latex contain the group of an 
"antigen protein" capable of producing an antibody in human serum. Antibodies produced In human serum are classified 
into an IgE-antibody capable of causing an allergic reaction and an antibody other than an igE-antibody capable of 



2 



EP 1 205 491 A2 



causing no allergic reaction. Among the "antigen protein", the antigen protein capable of producing the IgE-antibody, 
which can cause the allergic reaction, is referred to as an "allergic protein" so as to distinguish from other antigen 
proteins. 

5 SUMMARY OF THE INVENTION 
[0010] 

(I) The method of preparing a low allergic natural rubber latex of the present invention has a feature that it comprises 
10 adding a protease having an exopeptidase activity to a natural rubber latex and aging the natural rubber latex, 

thereby to decompose a protein in the latex to such a degree that the protein and a protein decomposition product, 
which have a number-average molecular weight of 4500 or more, are not detected and/or are substantially unde- 
tectable. 

(II) The method of preparing a deproteinized natural rubber latex of the present invention has a feature that it 
is comprises adding an alkali protease to a natural rubber latex, thereby to decompose a protein in the latex, adding 

a protease having an exopeptidase activity, thereby to further decompose the protein and a decomposition product 
thereof in the latex, and removing the protein and the decomposition product thereof. 

(III) The low allergic natural rubber of the present invention has a feature that it is a natural rubber obtained by a 
decomposition treatment of a protein, wherein the protein and a protein decomposition product, which have a 

20 number average molecular weight of 4500 or more, are not detected and/or are substantially undetectable. 

(IV) The deproteinized natural rubber of the present invention has a feature that it is a natural rubber obtained by 
a decomposition treatment and a removing treatment of a protein, wherein the content of the protein is 0.02% or 
less in terms of a nitrogen content, an absorption at 3280 cm* 1 is not recognized in an infrared absorption spectrum, 
and the protein and a protein decomposition product, which have a number-average molecular weight of 4500 or 

25 more, are not detected and/or are substantially undetectable. 

[0011] An advantage of the present invention is that it can provide a method of preparing a low allergic natural rubber 
latex which substantially contains no allergic protein and is therefore less likely to cause allergy. 
[0012] Another advantage is that it can provide a method of preparing a deproteinized natural rubber latex which 
30 substantially contains no allergic protein and is therefore less likely to cause allergy. 

[0013] Still another advantage of the invention is that it can provide a natural rubber latex which is less likely to cause 
allergy because of high degree of the decomposition of a protein. 

[0014] Yet a further advantage of the invention is that it can provide deproteinized rubber latex which is less likely 
to cause allergy because of high degree of the decomposition and removal of a protein. 
35 [0015] A protease (proteolytic enzyme) used in a conventional deproteinization treatment is a protease produced 
mainly by bacteria, and the protease has an optimum pH in an alkali range and also has an endopeptidase activity but 
does not exhibit an exopeptidase activity. The reason why the alkali protease was mainly used in a conventional de- 
proteinization treatment is as follows: (a) a field latex as a natural rubber is supplied in the form of a so-called ammonia 
latex prepared by concentrating the latex and adding ammonia for the purpose of preventing coagulation and putre- 
faction of the latex, and the latex itself exhibits alkalinity; (b) and, therefore, it was necessary to use a so-called alkali 
protease having an optimum pH in an alkali range so as to avoid coagulation of rubber molecules. Characteristics of 
a commercially available alkali protease, which has been uased in a conventional deproteinization treatment, are shown 
in Table 1 . 

45 



50 
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[Table 1] 



Bacteria which produced 
enzyme 


Art 1 vi t* v 

A^j L J. V J, L. y 


pH 


Service 

U C1UUC L m <«UX C \ N-/ ^ 


Trade name of enzyme 


Endo Exo 




Bacillus subtilus 






5 0—7 0 

v v — » V 


Bioprase*4 




Bacillus subtilus 




8. 6-12 


53-67 


Proleather FG-F 


Bacillus subtilus 




9.0-12 


30-50 


PW-102*1 


© 


Bacillus subtilus 




6.6-8.2 


48-52 


N "Amano" *3 


© 


Bacillus sp 




7 .7-12 


47-58 


Savinase*2 


© 


Bacillus llchenifoxrmis 




6 . 1-11 


48-66 


Alcalase*2 


© 


Bacillus letus 




7.2-10 


52-65 


Esperase*2 


© 





10 



20 



25 



40 



Manufacturer: 

1: Kao Corp., 2: Novo-Nordisk Bioindustri A/S, 3; Amano Enzyme, 

Inc., 4: Nagase Biochemicals , Ltd. 

Activity: 

©: very high, O: high, no activity 

Regarding the trade name of bacteria which produced an enzyme, 
gemis is shown in the upper column, while species are shown in 
the lower column - 



55 



[0016] The present inventors have made a trial of performing a decomposition treatment of a protein using a protease 
having an exopeptidase activity in place of a conventional alkali proteasB. As a result, they have surprisingly found a 
novel fact that the protein can be decomposed to such a degree that the protein and the protein decomposition product, 
which have a number-average molecular weight <Mn> of 4500 or more, do not substantially exist, thereby making it 
possible to obtain a natural rubber latex which is less likely to cause allergy. Thus, the invention (I) of the above- 
described method of preparing a low allergic. natural rubber latex has been completed, 

[0017] From another point of view, the present Inventors have made a trial of performing a decomposition treatment 
of a protein using a protease having an exopeptidase activity and a removing treatment of the protein and the protein 
decomposition product thereof, in addition to the decomposition treatment of the protein using a conventional alkali 
protease. As a result, they have surprisingly found a novel fact that the protein can be decomposed and removed to 
such a degree that the protein and the protein decomposition product, which have a number-average molecular weight 
<Mn> of 4500 or more do not substantially exist, thereby making it possible to obtain a deproteinized rubber latex 
which is less likely to cause allergy. Thus, the invention (II) of the above-described method of preparing a low allergic 
natural rubber latex has been completed. 
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[0018] In the present invention, the protein and the protein decomposition product are usually detected by mass 
spectrometry, and preferably detected by using an analysis system of a protein, comprising a combination of a time of 
flight (TOF) type mass spectrometer and a two-dimensional surface decorative chip [for example, protein structure 
analyzer "Protein Chip™ System", manufactured by Ciphergen Biosystems, Inc.). According to the Protein Chip™ 

5 System, it is made possible to detect a protein In a trace amount such as about 0.1 fig per 1 mL of a natural rubber latex. 
[0019] Japanese Published Unexamined Patent (Kokai Tokkyo Koho Hei) No. 9-71604 describes that a surfactant 
is added to a natural rubber latex and, after adjusting the pH by adding a neutralizing agent, a proteolytic enzyme is 
added, thereby to decompose a protein in the latex. However, the publication merely describes a decomposition treat- 
ment of a protein using an enzyme and does not disclose to what degree the molecular weight of the protein is reduced 

10 by such a treatment. The invention described in the publication has a feature in an extraction treatment, which comprises 
decomposing a protein using an enzyme, incorporating a vulcanizing agent in a latex, forming and vulcanizing the 
latex, dipping the vulcanized latex in a diluted alkali solution, and extracting the decomposed protein. 
[0020] In the method of preparing a low allergic natural rubber latex of the present invention (I), it is preferred to 
decompose the protein and the decomposition product thereof in the latex after decomposing the protein in view of 

15 further reduction of allergy. Such a removing treatment is preferably carried out by a centrifugation treatment in view 
of the removing effect and the efficiency of the removing treatment. 

[0021] In the method of preparing a deproteinized natural rubber latex of the present invention (II), it is preferred to 
remove the protein and the decomposition product thereof by a centrifugation treatment in view of the removing effect 
and the efficiency of the removing treatment. 
20 [0022] In the preparation methods of the present inventions (i) and (II), the pH of the latex Is preferably adjusted to 
a neutral range (specifically pH 6 to 9) before treating with a protease having an exopeptidase. The reason is as follows : 
since almost any protease having an exopeptidase activity has an optimum pH in the range of 6 to 9, and preferably 
about 6.5 to 8.5. the effect of the protein decomposition treatment can be enhanced if the pH of the latex is in the 
neutral range. 

25 [0023] The protease having an exopeptidase activity used in the present inventions (I) and (II) is preferably a protease 
produced by microorganisms, which belong to the genus Aspergillus or Rhizopus, as a kind of filamentous bacteria. 
The peptidase derived from filamentous bacteria is suited for realization of high degree decomposition of the protein. 
[0024] The protease having an exopeptidase activity is more preferably a protease produced by microorganisms 
which belong to Aspergiltus oryzae, microorganisms which belong to Aspergillus melius, or a protease produced by 

30 microorganisms which belong to Rhizopus oryzae, among those produced by microorganisms which belong to the 
genera described above. 

[0025] In the preparation methods of the present inventions (I) and (II), the decomposition treatment of the protein 
is preferably carried out in the presence of a su rf actant from such a view point that rubber molecules are stably dispersed 
in the latex, thereby to improve the effect of decomposing the protein. 

35 [0026] Regarding the low allergic natural rubber of the present invention (III), as is apparent from the fact that the 
protein and the protein decomposition product, which have a number-average molecular weight <Mn> of 4500 or more : 
are not detected, the protein is highly decomposed as compared with the case when subjected to a deproteinization 
treatment by a conventionally known method. Therefore, it is considered that almost any portion, which can serve as 
an antigen capable of an IgE-antibody against human serum, is eliminated or denatured by the decomposition treat- 

40 ment, and allergy is less likely to be caused. 

[0027] Regarding the low allergic natural rubber of the present invention (III), since the protein is decomposed ex- 
tremely highly, a possibility of causing allergy is markedly reduced. Accordingly, It is suited for use as raw materials of 
household appliances such as gloves, medical appliances such as surgical catheters, lactation appliances, contracep- 
tive devices and the like. 

45 [0028] Regarding the deproteinized natural rubber of the present invention (IV), it Is apparent that the total amount 
of the protein contained in the natural rubber is highly reduced similar to a conventional deproteinization treatment 
because the content of the protein is 0.02% or less in terms of nitrogen content and an absorption at 3280 cm* 1 is not 
recognized in its infrared absorption spectrum. 

[0029] Moreover, as is apparent from the fact that the protein and the protein decomposition product, which have a 
so number-average molecular weight <Mn> of 4500 or more, are not detected, the protein is highly decomposed as com- 
pared with the natural rubber subjected to a deproteinization treatment by a conventionally known method. Therefore : 
it is considered that almost any portion, which can serve as an antigen capable of an IgE-antibody against human 
serum, is eliminated or denatured by the decomposition treatment, and allergy is less likely to be caused. 
[0030] Regarding the deproteinized natural rubber of the present invention (IV), since the protein is decomposed 
55 extremely highly, a possibility of causing allergy is markedly reduced. Accordingly, it is suited for use as raw materials 
of household appliances such as gloves, medical appliances such as surgical catheters, lactation appliances, contra- 
ceptive devicesand the like. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] Fig. 1 is a graph showing the results of measurement of the number-average molecular weight <Mn> of the 
remaining protein and protein decomposition products with respect to low allergic natural rubber latexes obtained in 

5 Examples 1 and 13 which have been subjected only to a protein decomposition treatment. 

[0032] Fig. 2 is a graph showing the results of measurement of the number-average molecular weight <Mn> of the 
remaining protein and protein decomposition products with respect to low allergic natural rubber latexes obtained In 
Examples 1 and 13 which have been subjected to a protein decomposition treatment and a protein removal treatment. 
[0033] Fig. 3 is a graph showing the results of measurement of the number-average molecular weight <Mn> of the 

w remaining protein and protein decomposition productswith respect to deproteinized natural rubber latexes obtained in 
Comparative Examples 1 and 3, and Comparative Examples 2 and 4 which have been subjected to a protein decom- 
position treatment and a protein removal treatment. 

[0034] Fig. 4 is a graph showing the results of measurement of the number-average molecular weight cMn> with 
respect to the protein remaining in a high ammonia-treated latex. 
'5 [0035] Fig. 5 is a graph showing the results of measurement of the number-average molecular weight <Mn> of the 
remaining protein and protein decomposition productswith respect to deproteinized natural rubber latexes obtained in 
Examples 7 and 19. 

[0036] Fig. 6 is a graph showing the results of measurement of the number-average molecular weight <Mn> of the 
remaining protein and protein decomposition productswith respect to deproteinized natural rubber latexes obtained in 
20 Examples 9 and 21. 

[0037] Fig. 7 is a graph showing the results of measurement of the number-average molecular weight <Mn> of the 
remaining protein and protein decomposition product with respect to deproteinized natural rubber latexes obtained in 
Examples 8 and 22. 

[0038] Fig. 8 is a graph showing the results of measurement of the number-average molecular weight <=Mn> of the 
25 remaining protein and protein decomposition productswith respect to deproteinized natural rubber latexes obtained in 
Examples 10 and 23. 

DETAILED DESCRIPTION OF THE INVENTION 

30 A. The method of preparing a low allergic natural rubber latex of the present invention (I) will be described in detail. 

[0039] The method of preparing a low allergic natural rubber latex of the present invention (I) has a feature, as 
described above, that (1 ) it comprises adding a protease having an exopeptidase activity to a natural rubber latex and 
aging the natural rubber latex . thereby to decompose a protein in the latex to such a degree that the protein and a 
3s protein decomposition product, which have a number-average molecular weight of 4500 or more, are not detected. 
The present invention includes the following embodiments. 

(2) The method of preparing a low allergic natural rubber latex described in the term (1), wherein the protein and 
the decomposition product thereof in the latex are removed after decomposing the protein. 
40 (3) The method of preparing a low allergic natural rubber latex described in the term (2), wherein the protein and 

the decomposition product thereof are removed by a centrifugation treatment. 

(4) The method of preparing a low allergic natural rubber latex described in the term (1), wherein the pH of the 
latex is adjusted to a neutral range before treating with the protease having an exopeptidase activity. 

(5) The method of preparing a low allergic natural rubber latex described in the term (1), wherein the protease 
45 having an exopeptidase activity is produced by microorganisms which belongs to the genus Aspergillus or Rhiz- 

opus. 

(6) The method of preparing a low allergic natural rubber latex described in the term (5), wherein the microorgan- 
isms which belong to the genus Aspergillus are microorganisms which belong to Aspergillus oryzae. 

(7) The method of preparing a low allergic natural rubber latex described in the term (5), wherein the microorgan- 
50 isms which belong to the genus Aspergillus are microorganisms which belong to Aspergillus melius. 

(8) The method of preparing a low allergic natural rubber latex described in the term (5), wherein the microorgan- 
isms which belong to the genus Rhizopus are microorganisms which belong to Rhizopus oryzae. 

(9) The method of preparing a low allergic natural rubber latex described in the term (1 ), wherein the decomposition 
treatment of the protein is carried out in the presence of a surfactant. 

55 

[0040] The respective constituent features of the present invention will now be described. 
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[Protease having an exopeptidase activity] 

[0041] The enzyme for decomposing the protein used in the present invention is a protease having an exopeptidase 
activity, 

[0042] In the present invention, the effect of reducing the molecular weight of the protein and the decomposition 
effect can be further enhanced by the decomposition using an endopeptldase, along with the decomposition using an 
exopeptidase. It is preferred to use a protease having both an exopeptidase activity and an endopeptldase activity in 
the preparation method of the present invention. 

[0043] In case the protease having an exopeptidase activity is limited from its origin, the protease is preferably a 
protease produced by microorganisms, which belong to the genus Aspergillus or Rhizopus, as a kind of filamentous 
bacteria. 

[0044] Examples of the microorganisms which belong to the Aspergillus include Aspergillus oryzae, Aspergillus me/- 
lus, Aspergillus niger, Aspergillus awamori, Aspergillus glaucus t Aspergillus flavus, Aspergillus sojae and the like. 
[0045] Examples of the microorganisms which belong to the Rhizopus include Rhizopus oryzae, Rhizopus favanicus, 
Rhizopus delemar, Rhizopus nigricants and the like. 

[0046] The protease having an exopeptidase activity used in the present invention is preferably a protease produced 
by microorganisms which belong to Aspergillus oryzae, microorganisms which belong to Aspergillus melius, or a pro- 
tease produced by microorganisms which belong to Rhizopus oryzae, among those described above, 
[0047] Characteristics of a commercially available protease having an exopeptidase activity are shown in Table 2. 



[Table 2] 



Filamentous bacteria 
which produced enzyme 


Activity 




pH 


Service 
temperature (°C) 


Trade name of enzyme 


Endo 


Exo 






Aspergillus oryzae 


O 


o 




• 4-10 


46-58 


A "Amano" G*3 


5 


Aspergillus oryzae 


o 






0-6.2 


35-62 


M "Amano"* 3 


© 


3 . 


Aspergillus oryzae 


o 




6. 


2-8,2 


30-60 


Umamizyme*3 


® 


Aspergillus oryzae 


o 


o 






38-58 


Flavorzyme*2 


4 . 


5-7.7 


Aspergillus melius 


o 


o 


6 . 


0-9.2 


37-49 








Aspergillus oryzae 


o 








30-50 


Peptidase R*3 


o 


6. 


2-7.4 



Manufacturer : 



1: Kao Corp., 2r Novo-Nordisk Bioindustri A/S, 3: Amano Enzyme, 

Inc», 4: Nagase Biochemicals , Ltd. 

Activity: 

©; very high, O: high, no activity 

Regarding the trade name of bacteria which produced an enzyme, genus is shown in the upper column, while species 
are shown In the lower column. 

(Raw latex) 

[0048] The natural rubber latex, which Is a starting material to obtain the low allergic natural rubber latex of the 
present invention, preferably means a latex collected from rubber trees. A flesh filed latex and a commercially available 
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ammonia-treated latex can be used as the latex, for example. 

[Method of protein decomposition treatment] 

5 [Decomposition treatment of protein] 

[0049] In the preparation method of the present invention, the decomposition treatment of the protein by a protease 
having an exopeptidase activity is carried out by adding the protease or a mixture of two or more proteases in a natural 
rubber latex, and aging the latex, preferably for about several hours to one week. 

10 [0050] The amount of the protease having an exopeptidase activity is set according to the peptidase activity and is 
not specifically limited, but may be usually set within a range from about 0.001 to 1 0% by weight based on the rubber 
solid content of the field latex or ammonia-treated latex. When the amount of the protease is smaller than 0.001% by 
weight, there Is a possibility that the sufficient effect of decomposing the protein Is not obtained. On the other hand, 
when the amount exceeds 1 0% by weight, the cost Increases because of excess enzyme and the enzymatic activity 

15 is likely to be reduced. 

[0051] The peptidase activity of the protease having an exopeptidase activity used in the present invention is not 
specifically limited, but is preferably 30 u/g or more (LGG method). 

[0052] The pH of the latex in the protein decomposition treatment by the protease is preferably set according to an 
optimum pH of the protease to be used. Since almost any protease having an exopeptidase activity is a so-called 

20 neutral protease having an optimum pH in a neutral range, specifically within a range from 6 to 9, and preferably from 
6.5 to 8.5, the pH of the latex to be treated with the protease is preferably adjusted within a neutral range, specifically 
within a range from 6 to 9, and preferably from 6.5 to 8.5. To adjust the pH of the latex to a neutral range, sodium 
dihyrogenphosphate, formalin, diluted hydrochloric acid or the like may be added to the latex. 
[0053] The temperature of the latex in the protein decomposition treatment by the protease is set according to the 

25 optimum temperature of the protease to be used and is not specifically limited, but is preferably set within a range from 
5 to 90°C, and more preferably from 20 to 60°C. 

[0054] The surfactant as a stabilizer may be previously added before the protein decomposition treatment by the 
protease or added in the amount within a range from 0.01 to 10% by weight during the treatment by the protease. 

30 (Removing treatment of protein and protein decomposition product) 

[0055] After the completion of the protein decomposition treatment, the natural rubber latex may be further subjected 
to treatments such as centrifugatlon, coagulation of the rubber component, ultrafiltration and the like. The protein and 
the decomposition product thereof can be separated from the rubber component and removed by these treatments. 
35 By subjecting to such a removing treatment, a natural rubber latex having a lower allergy can be provided. 

[0056] In case the removing treatment of the protein and the decomposition product thereof is carried out by centrif- 
ugatlon, the protein and the decomposition product thereof may be sufficiently removed by only one centrifugatlon 
treatment, but the centrifugation treatment may be carried out twice or more times as far as an adverse influence is 
exerted by loss of the rubber component and reduction in yield. 

40 

[Surfactant]. 

[0057] In case the decomposition treatment of the protein is carried out to prepare a low allergic natural rubber of 
the present invention, a surfactant as a stabilizer is preferably added to the latex before subjecting to a treatment by 
45 the protease having an exopeptidase activity or during the treatment. In case the pH of the ammonia-treated latex is 
adjusted to a neutral range or the decomposition treatment of the protein is carried out. the addition of the surfactant 
is desired to prevent coagulation of the rubber component. 

[0058] Examples of the surfactant include, but are not limited to, various anionic surfactants, nonionic surfactants 
and cationic surfactants which have conventionally been known. Since almost any protease having an exopeptidase 
so activity has an optimum pH in a neutral range, preferred are those which exhibit stable surface activity in a neutral 
range, and preferably pH 6.5 to 8.5. 

[0059] Surfactants, which can be used in the present invention, are shown below. The following surfactants can be 
used alone or in combination. 

55 (Anionic surfactant) 

[0060] Examples of the anionic surfactant include carboxylate, sulfonate, sulfate and phosphate surfactants. 
[0061 ] Examples of the carboxylate anionic surfactant include fatty acid salts, polyhydric carboxylic acid salts, rosin 
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acid salts, dimer acid salts, polymer acid salts and tall oil fatty acid salts, which have 6 to 30 carbon atoms. Among 
these, carboxylic acid salts having 1 0 to 20 carbon atoms are preferred. When the number of carbon atoms is smaller 
than 6, the action for dispersion and emulsification of the protein and impurities is likely to be insufficient. On the other 
hand, when the number of carbon atoms exceeds 30, it is likely to be difficult to disperse in water. 
s [0062] Examples of the sulfonate anionic surfactant include alkylbenzenesulfonic acid salts, alkylnaphthalenesuifonic 
acid salts, naphthalenesulfonic acid salts and dlphenyl ether sulfonic acid salts. 

[0063] Examples of the sulfate surfactants include alkylsulf uric ester salts, polyoxyalkylene aikylsutfuric ester salts, 
polyoxyalkylene alkyl phenyl ether sulfuric acid salts; tristyrenated phenol sulfuric ester salts and polyoxyalkylene dis- 
tyrenated phenol sulfuric ester salts. 
10 [0064] Examples of the phosphate anionic surfactants include alkylphosphoric acid ester salts and polyoxy- 
alkyienephosphoric acid ester salts. 

[0065] Examples of the salts of these compounds include metal salts (for example, Na, K, Ca, Mg and Zn salts) , 
ammonia salts and amine salts (for example, triethanolamine salts). 

15 (Nonionic surfactant) 

[0066] Examples of the nonionic surfactant include polyoxyalkylene ethers, polyoxyalkylene esters, polyhydricalco- 
hol fatty acid esters, saccharide fatty acid esters and alkyl polyglycoside nonionic surfactants. 
[0067] Examples of the polyoxyalkylene ether nonionic surfactants include polyoxyalkylene alkyl ethers, polyoxy- 
20 alkylene alkyl phenyl ethers, polyoxyalkylene polyol alkyl ethers, polyoxyalkylene styrenated phenol ethers, polyoxy- 
alkylene dlstyrenated phenol ethers and polyoxyalkylene tristyrenated phenol ethers. Examples of the polyol Include 
polyhydrlc alcohols having 2 to 12 carbon atoms, for example, propylene glycol, glycerin, sorbitol, sucrose, pentaer- 
ythritol and sorbitan. 

[0068] Examples of the polyoxyalkylene ester nonionic surfactants include polyoxyalkylene fatty acid esters. 

25 [0069] Examples of the polyhydric alcohol fatty acid ester nonionic surfactants include fatty acid esters of polyhydric 
alcohol having 2 to 12 cartoon atoms or fatty acid esters of polyoxyalkylene polyhydric alcohols. Specific examples 
thereof include sorbitol fatty acid esters, sorbitan fatty acid esters, fatty acid monoglycerides, fatty acid diglycerldes 
and polyglycerin fatty acid esters. Polyalkylene oxide adducts of these surfactants (for example, polyoxyalkylene sorb- 
itan fatty acid esters, polyoxyalkylene glycerin fatty acid esters, etc.) can also be used. 

30 [0070] Examples of the saccharide fatty acid ester nonionic surfactants include fatty acid esters of sucrose, glucose, 
maltose, fructose and polysaccharides, and polyalkylene oxide adducts of these surfactants can also be used. 
[0071] Examples of the alkyl polyglycoside nonionic surfactants include alkyl glucosides, alkyl polyglucosldes, poly- 
oxyalkylene alkyl glucosides and polyoxyalkylene alkylpolyglucosides, and fatty acid esters. Polyalkylene oxide ad- 
ducts of these surfactants can also be used. 

35 [0072] Examples of the alkyl group in these nonionic surfactants include alkyl groups having 4 to 30 carbon atoms. 
Examples of the polyoxyalkylene group include those having a C 2 ^ alkylene group, for example, those In which the 
addition mol number of ethylene oxide is from about 1 to 50 mols. Examples of the fatty acid include straight-chain or 
branched saturated or unsaturated fatty acids having 4 to 30 carbon atoms. 

40 (Cationic surfactant) 

[0073] Examples of the cationic surfactant include alkylamlne salts, alkylamine derivatives and quatemized com- 
pounds thereof, and imldazollnium salt cationic surfactants. 

[0074] Examples of the alkylamine salt cationic surfactants Include salts of primary amines, secondary amines and 
*s tertiary amines. 

[0075] The alkylamine derivative cationic surfactant preferably has at least one of an ester group, an ether group 
and an amide group in a molecule and examples thereof include polyoxyalkylene (AO) alkylamines and salts thereof, 
alkyl ester amines (including AO adduct) and salts thereof, alkyl ether amines (Including AO adduct) and salts thereof, 
alkylamideamines (including AO adduct) and salts thereof, alkyl ester amideamines (including AO adduct) and salts 

90 thereof, and alkyl ether amideamines (including AO adduct) and salts thereof. 

[0076] Examples of the salt Include hydrochlorides s phosphates, acetates, alkytsulfonic acid ester alkylbenzenesul- 
fonic acid, alkyl naphthalenesulfonic acid, fatty acid, organic acid, alkylphosphoric acid ester, alkyl ether carboxylic acid, 
alkylamide ether carboxylic acid, anionic oligomer and anionic polymer. Specific examples of the acetate among the 
alkylamine derivative cationic surfactants include coconutamine acetate and stearylamine acetate. The alkyl group in 

55 the alkylamine salt and alkylamine derivative cationic surfactants usually include, but are not limited to, straight-chain, 
branched or GuerbeUshaped alkyl groups having 8 to 22 carbon atoms. 

[0077] Examples of the quatemized compound of the alkylamine salt and alkylamine derivative cationic surfactants 
include those prepared by quaternizlng the alkylamine salt and alkylamine derivative with methyl chloride, methyl bro- 
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mide, dimethylsulfuric acid or diethylsutfuric acid. Specific examples thereof include aikyltrimethylammonium halides 
such as lauryltrimethylammonium halides, cetyltrimethylammonium halides, or stearyltrimethylammonium halides; di- 
aikydimethylammonium halides such as distearyldiethylammonium halides; trialkylmethylammonium halides; dialkyl- 
benzylmethylammonium halides; or alkylbenzyldimethylammonium halides. 
5 [0078] Examples of the imidazollnium salt catlonic surfactant Include 2-heptadecenyl-hydroxylethylimidazoline. 
[0079] Examples of those which exhibit stable surface activity as the pH within a range from 6.5 to 8.5 among the 
surfactants described above include polyoxyethylene nonyl phenyl ether as the nonionic surfactant and sodium poly- 
oxytehylene alkyl phenyl ether sulfate as the anionic surfactant. 

10 (Other additives) 

[0080] In the method of preparing the low allergic natural rubber latex of the present invention, other additives may 
be used optionally, in addition to the respective components described above. 

[0081] These other additives include pH adjusters, for example, phosphates such as monopotassium phosphate, 
13 dlpotassium phosphate or sodium phosphate; acetates such as potassium acetate or sodium acetate; acids such as 
sulfuric acid, acetic acid, hydrochloric add, citric acid and succinic acid, or salts thereof; and ammonia, sodium hy- 
droxide, potassium hydroxide, sodium carbonate, and sodium hydrogencarbonate. Examples thereof include enzymes 
such as lipase, esterase, amylase, laccase and cellulase. Examples thereof include dispersants such as styrenesulfonic 
acid copolymers, formalin n apht h ale nesu If on ate condensates, ligninsulfonic acid, polycyclic aromatic sulfonic acidco- 
20 polymers, homopolymer/copolymers of acrylic acid and maleic anhydride, isobutylene-acrylic acid, and Isobutylene- 
maleic anhydride copolymers. 

[Degree of protein decomposition treatment and allergy] 

25 [0082] In the low allergic natural rubber latex subjected to the protein decomposition treatment by the protease having 
an exopeptidase activity according to the preparation method of the present invention, the protein remains in the same 
amount as that of the natural rubber latex as control in the case of comparing by the nitrogen content (N%) by the 
KJeldahTs method. 

[0083] However, the low allergic natural rubber latex obtained by the method of the present invention has a very 

30 small content of the protein having a large molecular weight and the allergic protein as compared with the deproteinized 
natural rubber latex subjected to the deproteinization treatment by a conventional method. Specifically, the protein and 
the protein decomposition product, which have a number-average molecular weight <Mn> of 4500 or more, are not 
detected from the low allergic natural rubber latex obtained by the method of the present invention. 
[0084] As is apparent from Comparative Examples described hereinafter, the protein and the protein decomposition 

35 product, which have a number-average molecular weight <Mn> of 4500 or more, are detected from the deproteinized 
natural rubber latex (rubber solid content: about30%) subjected to the deproteinization treatment by a conventional 
method (one enzyme treatment and one centrifugation treatment). On the other hand, as Is apparent from Examples 
described hereinafter, the protein and the protein decomposition product, which have a number- average molecular 
weight <Mn> of 4500 or more, are not detected from the natural rubber latex subjected to the protein decomposition 

40 treatment by the method of the present invention (one enzyme treatment and no centrifugation treatment). 

[0085] As described above, the degree that the protein and the protein decomposition product, which have a number- 
average molecular weight <Mn> of 4500 or more, are not detected means that the protein is decomposed to such a 
degree that allergy caused by the protein does not substantially occur. Regarding the tow allergic natural rubber latex 
of the present invention, although the total amount of the protein remaining in the latex is large, a possibility of causing 

*s immediate allergy due to the protein is markedly reduced. 

[0086] In case the protein was subjected to the decomposition treatment by the preparation method of the present 
invention, as described above, the protein and the protein decomposition product, which have a number- average mo- 
lecular weight of 4500 or more, are not detected. According to more preferred conditions of the present invention, the 
protein can be decomposed to such a degree that the protein and the protein decomposition product, which have a 

so number-average molecular weight of 2000 or more, more preferably 1500 or more, are not detected. 

[0087] In case the protein was subjected to the decomposition treatment by the preparation method of the present 
invention, the content index of the allergic protein measured by the RAST-inhibition method can be reduced to 10 u.g/ 
g or less, preferably 5 Ltg/g or less, and more preferably 2 u,g/g or less. 

[0088] It is generally considered that allergy caused by the protein is less likely to occur, substantially, when the 
55 content index of the allergic protein is smaller than 1 0 u,g/g or less. 

[0089] As used herein, the term "content index of an allergic protein" is an index in which the degree of the content 
of a protein capable of producing an IgE-antibody against human serum (capable of serving as an antigen) is indicated 
based on a general high ammonia latex (HA latex), and is a value which relatively indicates the degree of allergy. 
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[0090] Although the total amount of the protein in the natural rubber latex and the total amount of the dissolved 
protein can be determined by analysis, the amount of the allergic protein and that of non-allergic protein can not be 
determined separately. Therefore, allergy of the natural rubber latex is evaluated as a relative value of allergy based 
on a conventional natural rubber latex, for example, a HA latex herein. 
5 [0091] The "content index of an allergic protein" is calculated by a Competitive RAST-immunoinhibition method [ see 
X. Baur et al., Allergy, 52, 661 -664 (1 997)] using a Pharmacia Cap system and Is specifically calculated In the following 
procedure. 

[0092] First, an extract of a HA latex (non-ammonia natural rubber latex in the above literature) as a standard sample 
Is aged by mixing with an IgE-antibody in human serum, thereby enabling the antigen-antibody reaction between the 

to allergic protein in the HA latex and the IgE-antibody to proceed. As a supply source of the IgE-antibody, serum of 
persons suffering from latex allergy is used. The IgE-antibody remained without causing the antigen-antibody reaction 
Is reacted with an Immu no-Cap tatex antigen of a solid phase and the immobilized IgE-antibody is bonded with an 
antibody labeled with an enzyme (p-D-galactosidase), and then the amount of the remained IgE-antibody is determined 
by measuring the fluorescence intensity. The degree of allergy for the dissolved protein of the HA latex is determined 

is by this measured value. Using several kinds of samples having different dilution degrees of the HA latex, the degree 
of allergy is measured and a calibration curve is made. Also with respect to the natural rubber latex as a measuring 
sample, the degree of allergy is determined in the same manner as described above. As a result, if the resulting degree 
of allergy is the same as that obtained when the total amount of the dissolved protein of the HA latex is 1 0 y.g per 1 g 
of the rubber, the content index of the allergic protein of the measuring sample is 10 ng/g, 

20 

B. The method (II) of preparing a deproteinized natural rubber latex of the present invention will be described. 

[0093] The method of preparing a deproteinized natural rubber latex of the present invention has a feature, as de- 
scribed above, that (1 0) it comprises adding an alkali protease to a natural rubber latex, thereby to decompose a protein 
25 in the latex, adding a protease having an exopeptidase activity, thereby to further decompose the protein and a de- 
composition product thereof in the latex, and removing the protein and the decomposition product thereof. The present 
invention Includes the following embodiments. 

(11) The method of preparing a deproteinized natural rubber latex described in the term (10), wherein the protein 
30 and the decomposition product thereof are removed by a centrifugation treatment. 

(12) The method of preparing a deproteinized natural rubber latex described in the term (10), wherein the pH of 
the latex is adjusted to a neutral range before treating with the protease having an exopeptidase activity. 

(13) The method of preparing a deproteinized natural rubber latex described in the term (10), wherein the protease 
having an exopeptidase activity is produced by microorganisms which belong to the genus Aspergillus or Rhizopus. 

35 (14) The method of preparing a deproteinized natural rubber latex described in the term (13), wherein the micro- 

organisms which belong to the genus Aspergillus are microorganisms which belong to Aspergillus oryzae, 

(15) The method of preparing a deproteinized natural rubber latex described in the term (13), wherein the micro- 
organisms which belong to the genus Aspergillus are microorganisms which belong to Aspergillus melius. 

(16) The method of preparing a deproteinized natural rubber latex described in the term (13), wherein the micro- 
be organisms which belong to the genus Rhizopus are microorganisms which belong to Rhizopus oryzae. 

(17) The method of preparing a deproteinized natural rubber latex described in the term (10), wherein the decom- 
position treatment of the protein is carried out In the presence of a surfactant. 

[0094] The respective constituent features of the present invention will now be described. 

45 

[Protease] 

[0095] The enzyme for decomposing a protein, which is used to prepare a deproteinized natural rubber of the present 
invention, includes two kinds of enzymes, such as conventionally known protease (alkali protease) and protease having 
so an exopeptidase activity. 

(Conventionally known protease) 

[0096] The conventionally known protease is not specifically limited, and may be for example either a protease de- 
55 rived from filamentous bacteria or a protease derived from yeast. Among these proteases, a protease derived from 
bacteria is preferably used. In general, the protease derived from bacteria is a protease, which has an optimum pH in 
an alkali range and only has an endoprotease activity. 

[0097] Specific examples of the protease derived from bacteria include proteases described in Table 1 . 
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{Protease having exopeptidase activity) 

[0098] The protease having an exopeptidase activity may also have an endopeptldase activity. In this case, the effect 
of reducing the molecular weight of the protein and the efficiency of the decomposition can be further improved. 
5 [0099] As the protease having an exopeptidase activity, the same one described In the preparation method (I) of the 
present invention can be used. 

[Raw latex] 

w [0100] As the natural rubber latex as a starting material for obtaining the deproteinized natural rubber latex of the 
present invention, the same one described in the preparation method (!) of the present invention can be used. 

[Method of preparing deproteinized natural rubber latex] 

15 [0101] The method of preparing a deproteinized natural rubber latex of the present invention has a feature, as de- 
scribed above, that it comprises the steps of: 

(1 ) performing a decomposition treatment of a protein using an alkali protease which may be conventionally known, 
and 

20 (2) optionally adjusting the pH of a latex and performing a decomposition treatment of a protein using a protease 

having an exopeptidase activity, and then removing the protein and the decomposition product thereof from the 
latex thus obtained. 

(Decomposition treatment of protein by alkali protease) 

25 

[0102] In the method of preparing a deproteinized natural rubber, of the present invention, the decomposition treat- 
ment of the protein, preferably by a conventionally known alkali protease, as the step (1 ), Is carried out by adding the 
alkali protease or a mixture of two or more proteases in a natural rubber latex, and aging the latex, preferably for about 
several hours to one week. 

so activity of the protease to be used and is not specifically limited, but may be usually set within a range from about 0.00 1 
to 10% by weight based on the field latex or ammonia-treated latex. When the amount of the alkali protease is smaller 
than 0.001% by weight, there is a possibility that the sufficient effect of decomposing the protein is not obtained. On 
the other hand, when the amount exceeds 10% by weight, the cost increases because of excess enzyme and the 
enzymatic activity is likely to be reduced. 

35 [0103] The activity of the alkali protease used in the present invention is not specifically limited. 

[0104] The pH of the latex in the protein decomposition treatment by the alkali protease may be appropriately set 
according to an optimum pH of the protease to be used. 

[0105] The temperature of the latex in the protein decomposition treatment by the alkali protease is set according to 
the optimum temperature of the protease to be used and is not specifically limited, but is preferably set within a range 
4 o from 5 to 90°C, and more preferably from 20 to 60°C. 

[0106] The surfactant as a stabilizer may be previously added before the protein decomposition treatment by the 
alkali protease or added in the amount within a range from 0.01 to 1 0% by weight during the treatment by the protease. 

(Decomposition treatment of protein by exopeptidase) 

45 

[0107] The decomposition treatment of the protein by the protease having an exopeptidase activity, as the step (2), 
is carried out by adding the protease having an exopeptidase activity or a mixture of two or more proteases in a natural 
rubber latex, and preferably aging the latex, preferably for about several hours to one week. This decomposition treat- 
ment can be carried out in the same manner as in the preparation method (I) of the present invention. 

so 

(Removing treatment of protein and protein decomposition product) 

[01 08] After the completion of the protein decomposition treatment, the natural rubber latex may be further subjected 
to treatments such as centrifugation, coagulation of the rubber component, ultrafiltration and the like. The protein and 
55 the decomposition product thereof can be separated from the rubber component and removed by these treatments. 
By subjecting to such a removing treatment, a deproteinized natural rubber latex having very low allergy can be pro- 
vided. 

[0109] Although the removing treatment may be carried out after the decomposition treatment of the protein by the 
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alkali protease, as the step (1), and after the decomposition treatment of the protein by the protease having an ex- 
opeptidase activity, as the step (2), It Is preferably carried out only after the decomposition treatment of the protein by 
the protease having an exopeptidase activity as the step (2) in view of the yieid of the deproteinized natural rubber 
latex and the operation efficiency of the deproteinization treatment. 
5 [0110] In case the removing treatment of the protein and the decomposition product thereof is carried out by centrif- 
ugation, the protein and the decomposition product thereof may be sufficiently removed by only one centrifugatlon 
treatment, but the centrifugatlon treatment may be carried out twice or more times as far as an adverse Influence is 
exerted by loss of the rubber component and reduction in yield. 

10 [Surfactant] 

[0111] In the method of preparing a deproteinized natural rubber of the present invention, a surfactant as a stabilizer 
is preferably added to the latex before subjecting to the decomposition treatment of the protein or during the treatment. 
In case the pH of the ammonia-treated latex is adjusted to a neutral range or the decomposition treatment of the protein 

15 is carried out, the addition of the surfactant is desired to prevent coagulation of the rubber component. 

[0112] Examples of the surfactant include, but are not limited to, various anionic surfactants, noniontc surfactants 
and cationic surfactants which have conventionally been known. Since almost any protease having an exopeptidase 
activity has an optimum pH in a neutral range, preferred are thosewhich exhibit stable surface activity in a neutral 
range, specifically pH 6 to 9, and preferably pH 6.5 to B.5. 

20 [0113] Examples of the surf actants ; which can be used in the present invention include the same anionic surfactants, 
nonionlc surfactants and cationic surfactants as described In the preparation method (I) of the present invention. These 
surfactants can be used alone or in combination. 

(Other additives) 

25 

[0114] In the method of preparing the deproteinized natural rubber latex of the present invention, other additives 
may be incorporated optionally similar to the preparation method (I) of the present invention, in addition to the respective 
components described above. 

30 [Degree of protein decomposition treatment and allergy] 

[0115] In case the protein was subjected to the decomposition treatment by the preparation method of the present 
invention, as described above, the protein and the protein decomposition product, which have a number-average mo- 
lecular weight of 4500 or more, are not detected. According to more preferred conditions of the present invention, the 

35 protein can be decomposed to such a degree that the protein and the protein decomposition product, which have a 
number-average molecular weight of 2000 or more, more preferably 1500 or more, are not detected. 
In case the protein was subjected to the decomposition treatment by the preparation method of the present invention, 
the content index of the allergic protein measured by the RAST-inhibition method can be reduced to 10 u.g/g or less, 
preferably 5 u.g/g or less, and more preferably 2 u.g/g or less. As described in the termA, it is generally considered that 

<0 allergy caused by the protein is less likely to occur, substantially, when the content index of the allergic protein is smaller 
than 10u.g/g or less. 

C. The method (III) of preparing a low allergic natural rubber latex of the present invention will be described. 

*5 [0116] The low allergic natural rubber of the present invention has a feature, as described above, that (18) it is a 
natural rubber obtained by a decomposition treatment of a protein, wherein the protein and a protein decomposition 
product, which have a number-average molecular weight <Mn> of 4500 or more, are not detected. The present invention 
includes the following embodiments. 

50 (19) The low allergic natural rubber described in the term (18), wherein a protein and a protein decomposition 

product, which have a number-average molecular weight of 2000 or more, and preferably 1500 or more, are not 
detected. 

(20) The low allergic natural rubber described in the term (18). wherein a content index of an allergic protein capable 
of producing an IgE-class antibody in a human blood serum is 1 0 u, g/g or less. 
55 (21 ) The low allergic natural rubber described in the term (20), wherein the content index of the allergic protein is 

5 ix g/g or less. 

[0117] in the present invention, in case the protein is subjected to the decomposition treatment to such a degree 
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that the protein and the protein decomposition product, which have a number-average molecular weight <Mn> of 4600 
or more, are not detected, as described above, it is presumed that the portion, which can serve as an antigen capable 
of producing an IgE-antibody against human serum, is sufficiently decomposed or denatured. It is considered that 
allergy caused by the protein is less likely to occur when the content of the allergic protein is 10 u.g or less per 1 g of 
a crude rubber as described above. 

[0118] It can be said that the deproteinized natural rubber having very small content index of the allergic protein of 
the present Invention substantially contains no allergen formed by the protein. 

[0119] The low allergic natural rubber of the present invention may be obtained by performing a decomposition 
treatment of a protein by using a protease having an exopeptidase activity in place of a conventionally used protease 
(proteolytic enzyme). 

[0120] The low allergic natural rubber of the present invention may be obtained by performing a decomposition 
treatment of a protein by a protease having an exopeptidase activity. Surprisingly, the protein can be decomposed to 
such a degree that the protein and the protein decomposition product, which have a number-average molecular weight 
<Mn> of 4500 or more, do not substantially exist by performing a treatment using the protease. 

[Method of preparing low allergic natural rubber latex] 

[0121] A low allergic natural rubber latex of the present invention may be obtained by adding a protease having an 
exopeptidase activity or a mixture of two or more proteases in a natural rubber latex, aging the latex for several hours 
to about one week, and decomposing the protein in the latex. 

[0122] More specifically, a protease having an exopeptidase activity may be added in the amount of about 0.O01 to 
10% by weight based on the rubber solid content of the natural rubber latex, and then the latex may be aged at 5 to 
90°C, preferably 20 to 60*C, for several hours to about one week. The decomposition treatment of the protein may be 
carried out twice or more times, if necessary. 

[0123] In case the protease having an exopeptidase activity is added, it is preferred to previously adjust the pH of 
the latex to a neutral range, specifically pH 6 to 9, and more preferably pH 6.5 to 8.5, in consideration of the fact that 
almost any protease has an optimum pH in a neutral range (specifically pH 6 to 9) as described hereinafter. To adjust 
the pH of the latex to the neutral range, sodium dlhydrogenphosphate, formalin, diluted hydrochloric acid or the like 
may be added, for example. 

[0124] The latex subjected to the decomposition treatment of the protein may be optionally subjected to a purification 
treatment (removing treatment) by centhfugation, ultrafiltration of the like. !n case the purification treatment (removing 
treatment) by centraifugation is earned out, centrifugation may be carried out by a conventional method after adding 
the surfactant in the amount within a range from 0.01 to 1 0% by weight Although the removing treatment is preferably 
sufficiently carried out by only one centrifugation treatment, the centrifugation treatment may be carried out twice or 
more times to enhance the effect of removing the protein and the decomposition product thereof. Then, the rubber 
component is treated by a conventional method such as coagulation, drying and the like to obtain a deproteinized 
natural rubber. 

[0125] The coagulation method includes, for example, acid coagulation which is generally carried out, and further 
salt coagulation, alcohol addition coagulation or freeze-drying and so on. Among these methods, acid coagulation is 
more preferable for large scale production since the efficiency is highest and the influence on properties of the resulting 
rubber is less. 

[Raw latex] 

[0126] As the natural rubber latex as a starting material for obtaining the deproteinized natural rubber latex of the 
present invention, the same one described in the preparation method (I) of the present invention can be used. 

(Protease having exopeptidase activity) 

[0127] The protease having an exopeptidase activity may also have an endopeptldase activity. In this case, the effect 
of reducing the molecular weight of the protein and the efficiency of the decomposition can be further improved. Ac- 
cordingly, in order to prepare a low allergic natural rubber of the present invention, a protease having both an exopro- 
tease activity and an endopeptidase activity is preferably used. 

[0128] As the protease having an exopeptidase activity, the same one described in the preparation method (I) of the 
present invention can be used. 

[0129] In the protein decomposition treatment for obtaining the low allergic natural rubber of the present invention 
a protein decomposition treatment by a protease having an exopeptidase activity may be used in combination with a 
protein decomposition treatment by other proteases. 
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[01 30] The other protease is not specifically limited, and examples thereof include various conventionally been known 
peptidases such as protease derived from filamentous bacteria (excluding protease having an exopeptidase activity) 
and protease derived from yeast shown in Table 1 . 

5 [Surfactant] 

[0131 J In case the decomposition treatment of the protein Is carried out to prepare a deproteinized natural rubber of 
the present invention, a surfactant as a stabilizer is preferably added to the latex before subjecting to the decomposition 
treatment of the protein or during the treatment. In case the pH of the ammonia-treated latex is adjusted to a neutral 
10 range or the decomposition treatment of the protein is carried out, the addition of the surfactant is desired to prevent 
coagulation of the rubber component. 

[0132] Examples of the surfactant include, but are not limited to, various anionic surfactants, nonionlc surfactants 
and catlonic surfactants which have conventionally been known. Since almost any protease having an exopeptidase 
activity has an optimum pH In a neutral range, preferred are those which exhibit stable surface activity in a neutral 
is range, specifically pH 6 to 9, and preferably pH 6.5 to 8.5. 

[01 33] Examples of the surfactants, which can be used in the present invention include the same anionic surfactants, 
• nonionlc surfactants and catlonic surfactants as described in the preparation method (I) of the present invention. These 
surfactants can be used alone or in combination. 

20 (Other additives) 

[0134] In the method of preparing the deproteinized natural rubber latex of the present invention, other additives 
may be incorporated optionally similar to the preparation method (I) of the present invention, in addition to the respective 
components described above. 

25 

[Amount of remaining protein of natural rubber and allergy] 

[0135] In the low allergic natural rubber latex (III) of the present invention, the protein remains In the same amount 
as that of the natural rubber latex as control in case of comparing by the nitrogen content (N%) by the Kjeldahl's method. 

30 [0136] However, the low allergic natural rubber latex of the present invention may have a very small content of protein 
having a large molecular weight and the allergic protein as compared with the deproteinized natural rubber latex sub- 
jected to the deproteinization treatment by a conventional method. Specifically, the protein and the protein decompo- 
sition product, which have a number-average molecular weight <Mn> of 4500 or more, are not detected from the low 
allergic natural rubber latex obtained by the method of the present invention. 

35 [0137] As Is apparent from Comparative Examples described hereinafter, the protein and the protein decomposition 
product, which have a number-average molecular weight <Mn> of 4500 or more, are detected from the deproteinized 
natural rubber latex subjected to the deproteinization treatment by a conventional method (one enzyme treatment and 
one centrifugation treatment). On the other hand, as is apparent from Examples described hereinafter, the protein and 
the protein decomposition product, which have a number-average molecular weight <Mn> of 4500 or more, are not 

40 detected from the natural rubber latex subjected to the protein decomposition treatment by the method of the present 
Invention (one enzyme treatment and no centrifugation treatment). 

[0138] As described above, the degree that the protein and the protein decomposition product, which have a number- 
average molecular weight <Mn> of 4500 or more, are not detected means that the protein Is decomposed to such a 
degree that allergy caused by the protein does not substantially occur. Regarding the low allergic natural rubber latex 
45 of the present invention, although the total amount of the protein remaining in the latex may be large, a possibility of 
causing immediate allergy due to the protein is markedly reduced. 

D. The method (IV) of preparing a deproteinized natural rubber latex of the present invention will be described. 

so [0139] The deproteinized natural rubber (IV) of the present invention has a feature, as described above, that (22) it 
is a natural rubber obtained by a decomposition treatment and a removing treatment of a protein, wherein the content 
of the protein is 0.02% or less in terms of a nitrogen content, an absorption at 3280 cnrr 1 is not recognized In an infrared 
absorption spectrum, and the protein and a protein decomposition product, which have a number-average molecular 
weight <Mn> of 4500 or more, are not detected. The present invention includes the following embodiments. 

55 

(23) The deproteinized natural rubber described in the term (22), wherein a protein and a protein decomposition 
product, which have a number-average molecular weight of 2000 or more, and preferably 1 500 or more, are not 
detected. 
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(24) The deproteinized natural rubber described in the term (22), wherein a content index of an allergic protein 
capable of producing an IgE-class antibody in a human serum is 10 u.g/g or less. 

(25) The deproteinized natural rubber described in the term (22), wherein the content index of the allergic protein 
is 5 ii g/g or less. 

5 

[0140] In case the protein is subjected to the decomposition treatment to such a degree that the protein and the 
protein decomposition product, which have a number-average molecular weight <Mn> of 4500 or more, are not de- 
tected, as described above, it is presumed that the portion, which can serve as an antigen capable of producing an 
IgE-antibody against human serum, is sufficiently decomposed or denatured. It is considered that allergy caused by 
10 the protein is less likely to occur when the content of the allergic protein is 1 0 u,g or less per 1 g of a crude rubber as 
described above. 

[0141] It can be said that the deproteinized natural rubber having very small content index of the allergic protein of 
the present invention substantially contains no allergen formed by the protein. 

[0142] The deproteinized natural rubber of the present invention fs obtainable by performing a decomposition treat- 
's ment of a protein by a protease having an exopeptidase activity, along with a decomposition treatment of a protein by 
a conventionally used protease (proteolytic enzyme), and performing a removing treatment of the protein and the 
decomposition product thereof. 

[0143] The deproteinized natural rubber of the present invention has a feature that is obtainable by performing a 
decomposition treatment of a protein by a protease having an exopeptidase activity, in addition to a decomposition 
20 treatment of a protein by a conventionally used protease (proteolytic enzyme), and performing a removing treatment 
of the protein and the decomposition product thereof. Surprisingly, the protein can be decomposed to such a degree 
that the protein and the protein decomposition product, which have a number-average molecular weight of 4500 or 
more, do not substantially exist by performing a treatment using the protease. 

25 [Method of preparing deproteinized natural rubber latex] 

[0144] A deproteinized natural rubber latex of the present invention may be obtained by the steps of: 

(1) subjecting a natural rubber latex to a decomposition treatment of a protein using a conventionally known pro- 
30 tease (alkali protease), 

(2) optionally adjusting the pH of the latex to a neutral range and performing a decomposition treatment of a protein 
using a protease having an exopeptdase activity, and 

(3) removing the protein and the decomposition product thereof from the latex thus obtained, and coagulating the 
rubber component. 

35 

[0145] The deproteinized natural rubber can be obtained in the following procedure. First, a conventionally known 
alkali protease is added in the amount of about 0.001 to 1 0% by weight based on the rubber solid content of the natural 
rubber latex, and then the protein decomposition treatment is carried out by aging at 5 to 90°C, preferably 20 to 60*C, 
for several hours to about one week. After 0.01 to 10% by weight of a surfactant was optionally added, a protease 
40 having an exopeptidase activity is added is added in the amount of about 0.001 to 1 0% by weight based on the rubber 
solid content of the latex, and then the protein decomposition treatment is carried out by aging at 5 to 90°C, preferably 
20 to 60°C, for several hours to about one week. 

[0146] In case the protease having an exopeptidase activity is added, it is preferred to previously adjust the pH of 
the latex to a neutral range, specifically pH 6 to 9, and more preferably pH 6.5 to 8.5, in consideration of the fact that 
« almost any protease has an optimum pH in a neutral range (specifically pH 6 to 9) as described hereinafter. To adjust 
the pH of the latex to the neutral range, sodium dihydrogenphosphate, formalin, diluted hydrochloric acid or the like 
may be added. 

[0147] In case the removing treatment is carried out by centrifugation, centrifugation may be carried out by a con- 
ventional method after adding the surfactant in the amount within a range from 0.01 to 10% by weight. Although the 
so removing treatment may be sufficiently carried out by only one centrifugation treatment, the centrifugation treatment 
may be carried out twice or more times to enhance the effect of removing the protein and the decomposition product 
thereof. Then, the rubber component may be treated by a conventional method such as coagulation, drying and the 
like to obtain a deproteinized natural rubber. 

[0148] The coagulation method includes acid coagulation which is generally carried out, and further salt coagulation, 
55 alcohol addition coagulation or freeze-drying and so on. Among these methods, acid coagulation is more preferable 
for large scale production since the efficiency is highest and the influence on properties of the resulting rubber is less. 
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[Raw latex] 

[0149] As the natural rubber latex as a starting material for obtaining the deproteinized natural rubber latex of the 
present invention, the same one described in the preparation method (I) of the present invention can be used. 

5 

[Protease] 

[0150] The enzyme for decomposing a protein, which Is used to prepare a deproteinized natural rubber of the present 
invention, includes two kinds of enzymes, such as conventionally known protease (alkali protease) and protease having 
10 an exopeptidase activity. 

(Conventionally known protease) 

[0151] The conventionally known protease Is not specifically limited, and may be either a protease derived from 
is filamentous bacteria or a protease derived from yeast. Among these proteases, a protease derived from bacteria is 
preferably used. In general, the protease derived from bacteria is a protease, which has an optimum pH in an alkali 
range and only has an endoprotease activity. 

[0152] Specific examples of the protease derived from bacteria include proteases described in Table 1 . 

20 (Protease having exopeptidase activity) 

[01 53] The protease having an exopeptidase activity may also have an endopeptldase activity. In this case, the effect 
of reducing the molecular weight of the protein and the efficiency of the decomposition can be further improved. 
[0154] When the protease having an exopeptidase activity is limited by its origin, as described above, the protease 
25 is preferably produced by microorganisms, which belong to the genus Aspergillus or Rhizopus, as a kind of filamentous 
bacteria. As the microorganisms, which belong to the genus Aspergillus, the same one described in the preparation 
method (I) of the present invention can be used. 

[Surfactant] 

30 

[0155] In case the decomposition treatment of the protein is carried out to prepare a deproteinized natural rubber of 
the present invention, a surfactant as a stabilizer is preferably added to the latex before subjecting to the decomposition 
treatment of the protein or during the treatment, in case the pH of the ammonia-treated latex is adjusted to a neutral 
range or the decomposition treatment of the protein is carried out. the addition of the surfactant is desired to prevent 

35 coagulation of the rubber component. 

[0156] Examples of the surfactant include, but are not limited to, various anionic surfactants, nonlonlc surfactants 
and cationic surfactants which have conventionally been known. Since almost any protease having an exopeptidase 
activity has an optimum pH in a neutral range (specifically pH 6 to 9), preferred are those which exhibit stable surface 
activity in a neutral range, specifically pH 6 to 9, and preferably pH 6.5 to 8.5. 

^o [0157] Examples of the surfactants, which can be used in the present invention include the same anionic surfactants, 
nonionic surfactants and cationic surfactants as described in the preparation method (I) of the present Invention. These 
surfactants can be used alone or in combination. 

(Other additives) 

45 

[0158] In the method of preparing the deproteinized natural rubber latex of the present invention, other additives 
may be incorporated optionally similar to the preparation method (I) of the present invention, in addition to the respective 
components described above. 

so EXAMPLES 

[0159] The following Examples and Comparative Examples further illustrate the present invention, but the present 
invention is not limited by the following Examples. ■ 

[0160] In the following Examples and Comparative Examples, a field latex produced in Malaysia or a high ammonia 
55 natural rubber latex [rubber solid content: 60.2% by weight, ammonia content: 0.7%) manufactured by Soctex Co. 
(Malaysia) was used. 

[0161] As the surfactant, a nonionic surfactant manufactured by Toho Chemical Industry Co., Ltd. under the trade 
name of 'Triton X-1 00" was used. 
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[Preparation of low allergic natural rubber latex] 
Example 1 

5 (Only protein decomposition treatment) 

[0162] To 100 parts by weight of a rubber content of a field latex, 1 .0 parts by weight of a nonlonic surfactant and 
0.12% of sodium naphthenate were added, thereby to stabilize the latex, and then the pH of the latex was adjusted to 
7.0 by using an aqueous 5% sodium dihydrogenphosphate solution. To 100 parts by weight of the rubber content of 
io this latex, 0.1 parts by weight of a protease having an exopeptidase activity was added, and then the latex was aged 
by allowing to stand at 30°C for 24 hours to obtain a low allergic natural rubber latex which has been subjected to a 
protein decomposition treatment. 

[0163] As the protease, a protease, which has both an exopeptidase activity and an endopeptidase activity and an 
optimum pH in a neutral range, and is also produced by microorganisms which belong to Aspergillus oryzae [manu- 
is factured by Amano Enzyme, Inc. under the trade name of "Umamizyme 0 !, was used (see Table 2). This protease had 
a peptidase activity of 70 u/g or more (pH 7.0, LGG (L-Leucyl-Glycyl-Glycine) method). 

(Protein decomposition treatment and protein removing treatment) 

20 [0164] The low allergic natural rubber latex which has been subjected to the protein decomposition treatment was 
diluted with an aqueous 1 % solution of a nonionic surfactant, thereby to reduce the rubber content of the latex to 1 0%, 
and then subjected to a centrifugation treatment at 13000 rpm for 30 minutes. The cream component thus separated 
in the upper layer was taken out and then dispersed again in the same amount of water to obtain a low allergic natural 
rubber latex which has been subjected to a protein decomposition treatment and a protein removing treatment. 

25 

Example 2 

(Only protein decomposition treatment) 

30 [0165] A high ammonia latex (hereinafter referred to as a "HA latex") was diluted so that the rubber content is reduced 
to 30% by weight. To 100 parts by weight of a rubber content of the latex, 1 .0 parts by weight of a nonionic surfactant 
and 0.12% of sodium naphthenate (stabilizer) were added, thereby to stabilize the latex, and then the pH of the latex 
was adjusted to 7.0 by using an aqueous 5% sodium dihydrogenphosphate solution. To 100 parts by weight of the 
rubber content of this latex, 0.1 parts by weight of a protease (aforementioned ,, Umamizyme ,, ) was added, and then 

35 the latex was aged by allowing to stand at 30°C for 24 hours to obtain a tow allergic natural rubber latex which has 
been subjected to a protein decomposition treatment. 

(Protein decomposition treatment and protein removing treatment) 

*0 [0166] The low allergic natural rubber latex which has been subjected to the protein decomposition treatment was 
diluted with an aqueous 1 % solution of a nonionic surfactant, thereby to reduce the rubber content of the latex to 1 0%, 
and then subjected to a centrifugation treatment at 13000 rpm for 30 minutes. The cream component thus separated 
in the upper layer was taken out and then dispersed again In the same amount of water to obtain a low allergic natural 
rubber latex which has been subjected to a protein decomposition treatment and a protein removing treatment. 

45 

Example 3 

(Only protein decomposition treatment) 

so [0167] In the same manner as in example 1 (namely, the field latex Is used as a starting material), except that a 
protease produced by microorganisms which belong to Aspergillus melius [manufactured by Amano Enzyme, Inc. 
under the trade name of P '•Amano" 3G] was used as the protease having an exopeptidase activity in place of afore- 
mentioned "Umamizyme" and that the amount was changed to 0.1 parts by weight based on 100 parts by weight of 
the rubber content of the latex, the decomposition treatment of the protein was carried out to obtain a low allergic 

S5 natural rubber latex. . 

[0168] The protease P "Amano" 3G is a protease, which has a protein digestion potency of 10000 u/g or more (pH 
7.0. Amano method) and has both an exopeptidase activity and an endopeptidase activity and also has an optimum 
pH in a neutral range as shown in Table 2. 
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(Protein decomposition treatment and protein removing treatment) 

[0169] In the same manner as in Example 1 , the low allergic natural rubber latex which has been subjected to the 
protein decomposition treatment was subjected to the dilution treatment, the centrifugation treatment and the redis- 
5 pension treatment to obtain a low allergic natural rubber latex which has been subjected to a protein decomposition 
treatment and a protein removing treatment. 

Example 4 

10 (Only protein decomposition treatment) 

[0170] In the same manner as in Example 2 (namely, the HA latex Is used as a starting material), except that afore- 
mentioned P "Amano" 3G was used as the protease having an exopeptidase activity in place of aforementioned 
"Umamizyme" and that the amount was changed to 0.1 parts by weight based on 100 parts by weight of the rubber 
is content of the latex, the decomposition treatment of the protein was carried out to obtain a low allergic natural rubber 
latex. 

(Protein decomposition treatment and protein removing treatment) 

20 [0171] In the same manner as in Example 2, the low allergic natural rubber latex which has been subjected to the 
protein decomposition treatment was subjected to the dilution treatment, the centrifugation treatment and the redis- 
persion treatment to obtain a low allergic natural rubber latex which has been subjected to a protein decomposition 
treatment and a protein removing treatment. 

25 Example 5 

(Only protein decomposition treatment) 

[0172] In the same manner as in Example 1 (namely, the field latex is used as a starting material), except that a 
30 protease produced by microorganisms which belong to Rhizopus oryzae [manufactured by Amano Enzyme, Inc. under 
the trade name of "Peptidase R"] was used as the protease having an exopeptidase activity in place of aforementioned 
"Umamizyme" and that the amount was changed to 0.1 parts by weight based on 100 parts by weight of the rubber 
content of the latex, the decomposition treatment of the protein was carried out to obtain a low allergic natural rubber 
latex. 

35 [0173] The protease "Peptidase R" is a protease, which has a peptidase activity of 420 u/g or more (pH 7.O.. LGG 
method) and has both an exopeptidase activity and an endopeptidase activity and also has an optimum pH In a neutral 
range as shown in Table 2. 

(Protein decomposition treatment and protein removing treatment) 

40 

[0174] In the same manner as in Example 1 , the low allergic natural rubber latex which has been subjected to the 
protein decomposition treatment was subjected to the dilution treatment, the centrifugation treatment and the redis- 
persion treatment to obtain a low allergic natural rubber latex which has been subjected to a protein decomposition 
treatment and a protein removing treatment. 

45 

Example 6 

(Only protein decomposition treatment) 

so [0175] In the same manner as in Example 2 (namely, the HA latex Is used as a starting material), except that afore- 
mentioned "Peptidase R" was used as the protease having an exopeptidase activity in place of aforementioned 
"Umamizyme" and that the amount was changed to 0.1 parts by weight based on 100 parts by weight of the rubber 
content of the latex, the decomposition treatment of the protein was earned out to obtain a low allergic natural rubber 
latex. 

55 

(Protein decomposition treatment and protein removing treatment) 

[0176] In the same manner as In Example 2, the low allergic natural rubber latex which has been subjected to the 
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protein decomposition treatment was subjected to the dilution treatment, the centrifugation treatment and the redis- 
persion treatment to obtain a low allergic natural rubber latex which has been subjected to a protein decomposition 
treatment and a protein removing treatment. 

5 Comparative Example 1 

{Only protein decomposition treatment) 

[0177] To 1 00 parts by weight of a rubber content of a field latex, 0.1 parts by weight of an alkali protease, 1 .0 parts 
10 by weight of a nonionic surfactant and 0.12% of sodium naphthenate were added, thereby to stabilize the latex. 

[0178] As the alkali protease, a protease, which is derived from bacteria and is also produced by microorganisms 
which belong to Bacillus llchenlformis [manufactured by Novo-Nordisk Bioindustrl A/S under the trade name of "AJcalase 
2.0M"), was used. This alkali protease had a potency of 2.0 AU/g (pH 8.3) and has an optimum pH in an alkali range, 
as shown In Table 1 , and also has an endopeptidase but has no exopeptldase activity. 
is [0179] After adjusting the pH to 9.2 by using sodium dihydrogenphosphate, the latex was aged by allowing to stand 
at 30°C for 24 hours to obtain a natural rubber latex which has been subjected to a protein decomposition treatment. 

(Protein decomposition treatment and protein removing treatment) 

so [0180] The low allergic natural rubber latex which has been subjected to the protein decomposition treatment was 
diluted with an aqueous 1 % solution of a nonionic surfactant, thereby to reduce the rubber content of the latex to 1 0% : 
and then subjected to a centrifugation treatment at 13000 rpm for 30 minutes. The cream component thus separated 
in the upper layer was taken out and then dispersed again in the same amount of water to obtain a natural rubber latex 
which has been subjected to a protein decomposition treatment and a protein removing treatment 

23 

[Evaluation of protein decomposition treatment] 

(Measurement of nitrogen content) 

30 [0181] Using each of latexes prepared by dispersing again a cream component formed after the centrifugation in 
water in Examples 1 to 6 and Comparative Example 1 , and the latex was spread over a glass plate to obtain a cast film. 
[0182] These cast films were used as samples for measuring the nitrogen content. 

[0183] With respect to Example 1 and Comparative Example 1. same cast films as those described above were 
made by using latexes subjected only to the protein decomposition treatment and these films were used as samples 

35 for measuring the nitrogen content. 

[0184] Furthermore, cast films were made directly from the field latex and HA latex, which has been subjected to 
neither protein decomposition treatment nor washing treatment and these films were used as samples of control. 
[0185] With respect to respective samples of Examples 1 to 6, Comparative Example 1 and control, the nitrogen 
content (N%) was measured by a RRIM test method (Rubber Research Institute of Malaysia (1 973). 'SMR Bulletin No. 

<0 T). 

[0186] The measurement results of the nitrogen content (N%) are shown in Table 3. 

(Measurement of content index of allergic protein) 

45 [0187] According to a RAST-inhibitlon method, a content index of an allergic protein contained in each of the natural 
rubber latexes obtained in Examples 1 to 6 and Comparative Example 1 was measured. The "content index of the 
allergic protein" was measured by a Competitive immunoinhibition method using aforementioned Pharmacia Cap sys- 
tem in Deutsche BGFA (Berufsgenossenschaftliches Forschungsinstitut fur Arbeitsmedizin). 

[0188] In Example 1 and Comparative Example 1 , the content index of the allergic protein was calculated in the same 
so manner, also with respect to the latex which has been subjected only to the protein decomposition treatment. 
[0189] The measurement results of the content index of the allergic protein are shown in Table 3. 
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[0190] As is apparent from Table 3, although the low allergic natural rubber latex of Example 1 has the same nitrogen 
content (N%) as that of the deproteinized natural rubber latex of Comparative Example 1 obtained by a conventional 
treatment using an enzyme, the content index of the allergic protein was markedly reduced. 

[0191] in Example 1 , the content index of the allergic protein was markedly reduced as compared with a conventional 
5 HA latex shown in control 2 even when subjected only to an enzyme treatment, and also reduced as compared with 
that which has been subjected to a conventional enzyme treatment (latex of Comparative Example 1 which has not 
been subjected to a protein removing treatment). 

[0192] Therefore, it has been found that a possibility of causing allergy due to the protein is markedly reduced. 

10 (Analysis of molecular weight of protein) 

[0193] With respect to the natural rubber latexes obtained in Example 1 and Comparative Example 1 , it was analyzed 
whether or not impurities having a number-average molecular weight <Mn> within a range from 4500 to 4700 exist, 
using an analysis system of a protein, comprising a combination of a time of flight (TOF) type mass spectrometer and 
15 a two-dimensional surface decorative chip [for example, protein structure analyzer -Protein Chip™ System", manufac- 
tured by Ciphergen Biosystems, Inc.]. 

[0194] The analysis of the molecular weight of the protein by the above "Protein Chip™ System" was carried out in 
the following procedure. (1) First, a sample of serosity of a natural rubber latex was adsorbed on a chip, (2) the chip 
is washed with a washing buffer so that only the adsorbed protein is remained, (3) an energy absorbing substance is 
so applied on the adsorbed protein, (4) the protein on the chip is ionized by irradiating with laser beam, and (5) the 
molecular weight was measured by using a TOF type mass spectrograph. 

[01 95] With respect to the analysis results of the number-average molecular weight <Mn> about the remained protein 
and protein decomposition product, the measurement results of samples of Example 1 obtained from the low allergic 
natural rubber latex subjected only to the protein decomposition treatment are shown in Fig. 1 , the measurement results 
25 of samples of Example 1 obtained from the low allergic natural rubber latex which has been subjected to the protein 
decomposition treatment and the protein removing treatment are shown in Fig. 2, and the measurement results of 
samples of Comparative Example 1 obtained from the deproteinized natural rubber latex by a conventional treatment 
using an enzyme are shown in Fig. 3, respectively. 

[0196] The molecular weight of control samples obtained from the HA latex, which has been subjected to neither 
30 protein decomposition treatment nor protein removing treatment, was analyzed. The measurement results are shown 
in Fig. 4. 

[0197] As is apparent from the measurement results of the analysis of the molecular weight, in Comparative Example 
1 (Fig. 3), a peak existed at the position (position corresponding to the existence of the protein) where the number- 
average molecular weight <Mn> is about 4700. To the contrary, in both cases where only the protein decomposition 
35 treatment was carried out (Fig. 1 ) and the removing treatment of the protein and the decomposition product was further 
carried out (Fig. 2) of Example 1 , a peak was not observed in the range where the number-average molecular weight 
<Mn> is about 4600 or more. In case where the removing treatment of the protein and the decomposition product was 
further carried out in addition to the protein decomposition treatment (Fig. 2), a peak was not observed in the range 
where the number-average molecular weight <Mn> is from 1500 to 4500. 

40 

[Preparation of deprotenized natural rubber latex) 
Example 7 

45 (Decomposition of protein by alkali protease) 

[0198] To 100 parts by weight of a rubber content of a field latex, 1 .0 parts by weight of a nonionic surfactant and 
0.12% of sodium naphthenate were added, thereby to stabilize the latex. To 1 00 parts by weight of the rubber content 
of this latex, 0.1 parts by weight of an alkali protease was added, and then the latex was aged by allowing to stand at 
so 30°C for 24 hours. 

[0199] As the alkali protease, a protease, which is a protease derived from bacteria and is produced by microorgan- 
isms which belong to Bacillus licheniformis as a kind of bacteria of the genus Bacillus [manufactured by Novo-Nordisk 
Bioindustri A/S under the trade name of "Alcalase 2.0M"], was used. This alkali protease had a potency of 2.0 AU/g 
(pH 8.3) and has an optimum pH in an alkali range, as shown in Table 1 , and also has an endopeptidase but has no 
55 exopeptidase activity. 
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(Decomposition of protein by protease having exopeptidase activity) 

[0200] To the aged latex, an aqueous 5% sodium dlhydrogenphosphate solution was added, thereby to adjust the 
pH to 7.0. To 100 parts by weight of the rubber content of the latex, 0.1 parts by weight of a protease having an 
exopeptidase activity was added. After the addition of the protease, the latex was aged again by allowing to stand at 
30°C for 24 hours. 

[0201] As the protease, a protease, which has both an exopeptidase activity and an endopeptldase activity and an 
optimum pH in a neutral range, and is also produced by microorganisms which belong to Aspergillus oryzae [manu- 
factured by Amano Enzyme, Inc. under the trade name of "Umamizyme 0 ], was used (see Table 2). This protease had 
a peptidase activity of 70 u/g or more (pH 7.0, LGG (L-Leucyl-Glycyl-Glycine) method). 

(Removal of protein and decomposition product thereof) 

[0202] After the completion of the enzyme treatment, the latex was diluted with an aqueous 1 % solution of a nonionlc 
surfactant, thereby to reduce the rubber content of the latex to 10%, and then subjected to a centrifugation treatment 
at 13000 rpm for 30 minutes . The cream component thus separated in the upper layer was diluted again and then 
subjected to the second centrifugation treatment in the same manner as described above. 

[0203] The resulting cream component was dispersed again in water to obtain a deproteinized natural rubber latex. 
Example 8 

(Decomposition of protein by alkali protease) 

[0204] A high ammonia latex (hereinafter referred to as a "HA latex**) was diluted so that so that the rubber content 
is reduced to 30% by weight. To 1 00 parts by weight of a rubber content of a field latex, 1 .0 parts by weight of a nonionic 
surfactant and 0.12% of sodium naphthenate were added, thereby to stabilize the latex. To 100 parts by weight of the 
rubber content of this latex, 0.1 parts by weight of an alkali protease (aforementioned "Alcalase 2.0M") was added, 
and then the latex was aged by allowing to stand at 30°C for 24 hours. 

(Decomposition of protein by protease having exopeptidase activity) 

[0205] To the aged latex, an aqueous 5% sodium dihydrogenphosphate solution was added, thereby to adjust the 
pH to 7.0. To 100 parts by weight of the rubber content of the latex. 0.1 parts by weight of a protease having an 
exopeptidase activity (aforementioned "Umamizyme") was added. After the addition of the protease, the latex was 
aged again by allowing to stand at 30°C for 24 hours. 

(Removal of protein and decomposition product thereof) 

[0206] After the completion of the enzyme treatment, the latex was diluted with an aqueous 1 % solution of a nonionic 
surfactant, thereby to reduce the rubber content of the latex to 10%, and then subjected to a centrifugation treatment 
at 13000 rpm for 30 minutes. 

[0207] The cream component thus separated in the upper layer was diluted again and then subjected to the second 
centrifugation treatment in the same manner as described above. 

[0208] The resulting cream component was dispersed again in water to obtain a deproteinized natural rubber latex. 
Example 9 

(Decomposition of protein by alkali protease) 

[0209] In the same manner as in case of the "decomposition of the protein by the alkali protease" of Example 7, the 
protein in the field latex was decomposed by the alkali protease (aforementioned "Alcalase 2.0M"). 

(Decomposition of protein by protease having exopeptidase activity) 

[0210] In the same manner as in case of the "decomposition of the protein by the protease having an exopeptidase 
activity" of Example 7, except that a protease produced by microorganisms which belong to Aspergillus melius [man- 
ufactured by Amano Enzyme, Inc. under the trade name of P "Amano" 3G] was used as the protease having an ex- 
opeptidase activity in place of aforementioned "Umamizyme" and that the amount was changed to 0.1 parts by weight 
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based on 1 00 parts by weight of the rubber content of the latex, the decomposition treatment of the protein was carried 
out. 

[0211] The protease P "Amano" 3G is a protease, which has a protein digestion potency of 10000 u/g or more (pH 
7.0, Amano method) and has both an exopeptidase activity and an endopeptidase activity and also has an optimum 
pH in a neutral range as shown in Table 2. 

(Removal of protein and decomposition product thereof) 

[0212] In the same manner as in case of the "removal of the protein and the decomposition product thereof of 
Example 7, except that the latex was used after the completion of the enzyme treatment by the protease P "Amano" 
3G, the centrifugation treatment was carried out to obtain a deproteinized natural rubber tatex. 

Example 1 0 

(Decomposition of protein by alkali protease) 

[0213] In the same manner as in case of the "decomposition of the protein by the alkali protease" of Example 8, the 
protein in the HA latex was decomposed by the alkali protease (aforementioned "Aicalase 2.0M"). 

(Decomposition of protein by protease having exopeptidase activity) 

[0214] In the same manner as in case of the "decomposition of the protein by the protease having an exopeptidase 
activity" of Example 8, except that aforementioned P "Amano" 3G was used as the protease having an exopeptidase 
activity in place of aforementioned "Umamizyme" and that the amount was changed to 0.1 parts by weight based on 
1 00 parts by weight of the rubber content of the latex, the decomposition treatment of the protein was carried out. 

(Removal of protein and decomposition product thereof) 

[0215] In the same manner as In case of the "removal of the protein and the decomposition product thereof" of 
Example 8 t except that the latex was used after the completion of the enzyme treatment by the protease P "Amano" 
3G, the centrifugation treatment was carried out to obtain a deproteinized natural rubber latex. 

Example 11 

(Decomposition of protein by alkali protease) 

[0216] In the same manner as In case of the "decomposition of the protein by the alkali protease" of Example 8, the 
protein in the field latex was decomposed by the alkali protease (aforementioned "Aicalase 2.0M"). 

(Decomposition of protein by protease having exopeptidase activity) 

[0217] In the same manner as in case of the "decomposition of the protein by the protease having an exopeptidase 
activity" of Example 8, except that a protease produced by microorganisms which belong to Rhlzopus oryzae [manu- 
factured by Amano Enzyme, Inc. under the trade name of "Peptidase R M ] was used as the protease having an ex- 
opeptidase activity in place of aforementioned "Umamizyme'' and that the amount was changed to 0.1 parts by weight 
based on 1 00 parts by weight of the rubber content of the latex, the decomposition treatment of the protein was carried 
out. 

[0218] The protease "Peptidase R" is a protease, which has a peptidase activity of 420 u/g or more (pH 7.0. LGG 
method) and has both an exopeptidase activity and an endopeptidase activity and also has an optimum pH in a neutral 
range as shown in Table 2. 

(Removal of protein and decomposition product thereof) 

[0219] in the same manner as in case of the "removal of the protein and the decomposition product thereof" of 
Example 8, except that the latex was used after the completion of the enzyme treatment by the protease "Peptidase 
R". the centrifugation treatment was carried out to obtain a deproteinized natural rubber latex. 
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Example 1 2 

(Decomposition of protein by alkali protease) 

s [0220] In the same manner as in case of the "decomposition of the protein by the alkali protease" of Example 8, the 
protein In the field latex was decomposed by the alkali protease {aforementioned "Alcalase 2.0M"). 

(Decomposition of protein by protease having exopeptidase activity) 

10 [0221] In the same manner as In case of the "decomposition of the protein by the protease having an exopeptidase 
activity" of Example 8, except that aforementioned "Peptidase R" was used as the protease having an exopeptidase 
activity in place of aforementioned "Umamlzyme" and that the amount was changed to 0.1 parts by weight based on 
1 00 parts by weight of the rubber content of the latex, the decomposition treatment of the protein was carried out. 

'5 (Removal of protein and decomposition product thereof) 

[0222] In the same manner as in case of the "removal of the protein and the decomposition product thereof" of 
Example 8, except that the latex was used after the completion of the enzyme treatment by the protease "Peptidase 
R", the centrifugation treatment was carried out to obtain a deproteinized natural rubber latex. 

20 

Comparative Example 2 

[0223] A deproteinized natural rubber latex was prepared according to the method described In Japanese Patent 
No. 2,905,005. 

23 [0224] A HA latBx was diluted so that the rubber content Is reduced to 30% by weight. To 1 00 parts by weight of a 
rubber content of a field latex, 0.1 parts by weight of an alkali protease, 1 .0 parts by weight of a nonionic surfactant 
and 0.12% of sodium naphthenate were added, thereby to stabilize the latex. 

[0225] As the alkali protease, a protease, which is a protease derived from bacteria and is produced by microorgan- 
isms which belong to Bacillus lichenilormis as a kind of bacteria of the genus Bacillus [manufactured by Novo-Nordlsk 
30 Bioindustri A/S under the trade name of "Alcalase 2.0M U ], was used. This alkali protease had a potency of 2.0 AU/g 
(pH 8.3) and has an optimum pH in an alkali range, as shown in Table 1, and also has an endopeptidase but has no 
exopeptidase activity. 

[0226] After adjusting the pH to 9.2 by using sodium dihydrogenphosphate, the latex was aged by allowing to stand 
at 30°C for 24 hours. 

35 [0227] After the completion of the enzyme treatment, the latex was diluted with an aqueous 1 % solution of a nonionic 
surfactant, thereby to reduce the rubber content of the latex to 1 0%, and then subjected to a centrifugation treatment 
at 13000 rpm for 30 minutes. The cream component thus separated in the upper layer was dispersed again in water 
to obtain a deproteinized natural rubber latex. 

*0 [Evaluation of protein decomposition treatment] 

(Measurement of nitrogen content) 

[0228] Using each of latexes prepared by dispersing again a cream component formed after the centrifugation treat- 
45 ment in Examples 7 to 12 and Comparative Example 2 in water, and the latex was spread over a glass plate to obtain 
a cast film. 

[0229] These cast films were used as samples for measuring the nitrogen content. 

[0230] Furthermore, cast films were made directly from the HA latex, which has been subjected to neither protein 
decomposition treatment nor washing treatment, and these films were used as samples of control. 
so [0231] With respect to respective samples of Examples 7 to 12, Comparative Example 2 and control, the nitrogen 
content (N%) was measured by a RRIM test method (Rubber Research Institute of Malaysia (1 973). 'SMR Bulletin No. 

n 

[0232] The measurement results of the nitrogen content (N%) are shown in Table 4. 

55 (Measurement of content index of allergic protein) 

[0233] According to a RAST-lnhibition method, a content index of an allergic protein contained in each of the natural 
rubber latexes obtained In Examples 7 to 12 and Comparative Example 2 was measured. The "content index of the 
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allergic protein" was measured by a competitive immunity inhibition method using aforementioned Pharmacia Cap 
system in Deutsche BGFA (Berufsgenossenschaftliches Forschungsinstitut fur Arbeitsmedizin). 
[0234] Also with respect to the deproteinlzed natural rubber latexes obtained in Examples 7 to 1 2 and Comparative 
Example 2 as measuring samples in the same manner, the amount of the residual antibody was determined and the 
5 content index of the allergic protein was calculated. 

[0235] The measurement results of the content index of the allergic protein are shown in Table 4. 
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[0236] As is apparent from Table 4, although the deproteinized natural rubbers of Examples 7 to 1 2 have the same 
nitrogen content (N%) as that of the deproteinized natural rubber of Comparative Example 2, the content index of the 
allergic protein was markedly low and, therefore, a possibility of causing allergy due to the protein is markedly reduced, 
it has been found that, in Examples 8 to 12, the rubbers are deproteinized to such a degree that the allergic protein 
5 can not be detected. 

(Analysis of molecular weight of protein) 

[0237] With respect to the natural rubber latexes obtained in Examples 7 to 1 0 and Comparative Example 2, it was 
10 analyzed whether or not impurities having a number-average molecular weight <Mn> within a range from 4500 to 4700 
exist, using an analysis system of a protein, comprising a combination of a time of flight (TOR type mass spectrometer 
and a two-dimensional surface decorative chip [for example, protein structure analyzer "Protein Chip™ System", man- 
ufactured by Ciphergen Biosystems, Inc.). 

[0238] The analysis of the molecular weight of the protein by the above "Protein Chip™ System" was carried out in 
15 the following procedure. (1) First, a sample of serosity of a natural rubber latex was adsorbed on a chip, (2) the chip 
is washed with a washing buffer so that only the adsorbed protein is remained, (3) an energy absorbing substance is 
applied on the adsorbed protein, (4) the protein on the chip is ionized by irradiating with laser beam, and (5) the 
molecular weight was measured by using a TOF type mass spectrograph. 

[0239] With respect to the analysis results of the number-average molecular weight <Mn> about the remained protein 
20 and protein decomposition product, the measurement results of samples obtained from the deproteinized natural rubber 
latex of Example 7 are shown in Fig. 5, the measurement results of samples obtained from the deproteinized natural 
rubber latex of Example 8 are shown In Fig. 7, the measurement results of samples obtained from the deproteinized 
natural rubber latex of Example 9 are shown in Fig. 6, the measurement results of samples obtained from the depro- 
teinized natural rubber latex of Example 10 are shown in Fig. 8 : and the measurement results of samples obtained 
2S from the deproteinized natural rubber latex of Comparative Example 2 by a conventional treatment using an enzyme 
are shown in Fig. 3, respectively. 

[0240] The molecular weight of control samples obtained from the HA latex, which has been subjected to neither 
protein decomposition treatment nor protein removing treatment, was analyzed. The measurement results are shown 
in Fig. 4. 

30 [0241] As is apparent from the measurement results of the analysis of the molecular weight, in Comparative Example 
2 (Fig.3), a peak existed at the position (position corresponding to the existence of the protein) where the number- 
average molecular weight <Mn> is about 4700. To the contrary, in Example 7 (Fig. 5) and Example 9 (Fig. 6), a peak 
was not observed in the range where the number-average molecular weight <Mn> is about 2000 or more. In Example 
8 (Fig. 7) and Example 10 (Fig. 8), a peak was not observed in the range where the number-average molecular weight 

35 <Mn> is 4500 or more. 

[Preparation of low allergic natural rubber] 
Example 13 

40 

(Only protein decomposition treatment) 

[0242] To 100 parts by weight of a rubber content of a field latex, 1 .0 parts by weight of a nonionlc surfactant and 
0.12% of sodium naphthenate were added, thereby to stabilize the latex, and then the pH of the latex was adjusted to 
*s 7.0 by using an aqueous 5% sodium dihydrogenphosphate solution. To 100 parts by weight of the rubber content of 
this latex. 0.1 parts by weight of a protease having an exopeptidase activity was added, and then the latex was aged 
by allowing to stand at 30°C for 24 hours to obtain a low allergic natural rubber latex which has been subjected to a 
protein decomposition treatment. 

[0243] As the protease, a protease, which has both an exopeptidase activity and an endopeptidase activity and an 
so optimum pH in a neutral range, and Is also produced by microorganisms which belong to Aspergillus oryzae [manu- 
factured by Amano Enzyme, Inc. under the trade name of "Umamizyme"], was used (see Table 2). This protease had 
a peptidase activity of 70 u/g or more (pH 7.0, LGG (L-Leucyl-Glycyl- Glycine) method). 

[0244] Furthermore, the rubber component of the low allergic natural rubber latex thus obtained was coagulated and 
dried to obtain a low allergic natural rubber latex which has been subjected to a protein decomposition treatment. 
55 [0245] The coagulation was carried out according to acid coagulation method. The solid content of the latex obtained 
above was adjusted to 1 0 %, and then formic acid (87%) was added to coagulate the rubber component The resulting 
rubber containing water to a great content was passed through rollers under cleaning to remove a large portion of 
water and to give a rubber sheet. The resulting rubber sheet was air-drfed for 4 days and finally dried in oven at 60° C 
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for 3 days to obtain the solid rubber. In the following Examples and Reference Examples, solid rubbers were obtained 
according to the same method stated above. 

(Protein decomposition treatment and protein removing treatment) 

5 

[0246] The low allergic natural rubber latex which has been subjected to the protein decomposition treatment was 
diluted with an aqueous 1% solution of a nonionic surfactant, thereby to reduce the rubber content of the latex to 10%, 
and then subjected to a centrifugation treatment at 13000 rpm for 30 minutes. The cream component thus separated 
in the upper layer was taken out and then dispersed again in the same amount of water to obtain a low allergic natural 
10 rubber latex which has been subjected to a protein decomposition treatment and a protein removing treatment. 

[0247] Furthermore, the cream component was dried to obtain a low allergic natural rubber latex which has been 
subjected to a protein decomposition treatment and a protein removing treatment. 

Example 14 

15 

(Only protein decomposition treatment) 

[0248] A high ammonia latex (hereinafter referred to as a "HA latex" ) was diluted so that the rubber content is reduced 
to 30% by weight. To 1 00 parts by weight of a rubber content of the latex, 1 .0 parts by weight of a nonionic surfactant 

20 and 0.12% of sodium naphthenate (stabilizer) were added, thereby to stabilize the latex, and then the pH of the latex 
was adjusted to 7.0 by using an aqueous 5% sodium dihydrogenphosphate solution. To 100 parts by weight of the 
rubber content of this latex, 0.1 parts by weight of a protease (aforementioned "Umamizyme") was added, and then 
the latex was aged by allowing to stand at 30°C for 24 hours to obtain a low allergic natural rubber latex which has 
been subjected to a protein decomposition treatment. 

25 [0249] Furthermore, the rubber component of the low allergic natural rubber latex thus obtained was coagulated and 
dried to obtain a low allergic natural rubber latex which has been subjected to a protein decomposition treatment. 

(Protein decomposition treatment and protein removing treatment) 

& [0250] The low allergic natural rubber latex which has been subjected to the protein decomposition treatment was 
diluted with an aqueous 1% solution of a nonionic surfactant, thereby to reduce the rubber content of the latex to 10%, 
and then subjected to a centrifugation treatment at 13000 rpm for 30 minutes. The cream component thus separated 
in the upper layer was taken out and then dispersed again in the same amount of water to obtain a low allergic natural 
rubber latex which has been subjected to a protein decomposition treatment and a protein removing treatment. 

35 [0251] Furthermore : the cream component was dried to obtain a low allergic natural rubber latex which has been 
subjected to a protein decomposition treatment and a protein removing treatment. 

Example 15 

4 0 (Only protein decomposition treatment) 

[0252] in the same manner as In Example 13 (namely, the field latex is used as a starting material), except that a 
protease produced by microorganisms which belong to Aspergillus melius [manufactured by Amano Enzyme, inc. 
under the trade name of P "Amano" 3G] was used as the protease having an exopeptidase activity in place of afore- 
*s mentioned "Umami2yme" and that the amount was changed to 0.1 parts by weight based on 100 parts by weight of 
the rubber content of the latex, the decomposition treatment of the protein was carried out to obtain a low allergic 
natural rubber latex. 

[0253] The protease P "Amano" 3G is a protease, which has a protein digestion potency of 10000 u/g or more (pH 
7.0, Amano method) and has both an exopeptidase activity and an endopeptidase activity and also has an optimum 
so pH in a neutral range as shown In Table 2. 

[0254] Furthermore, the rubber component of the low allergic natural rubber latex thus obtained was coagulated and 
dried to obtain a low allergic natural rubber latex which has been subjected to a protein decomposition treatment. 

(Protein decomposition treatment and protein removing treatment) 

55 

[0255] In the same manner as in Example 1 3, the low allergic natural rubber latex which has been subjected to the 
protein decomposition treatment by the protease P "Amano" 3G was subjected to the dilution treatment, the centrifu- 
gation treatment and the redispersion treatment to obtain a low allergic natural rubber latex which has been subjected 
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to a protein decomposition treatment and a protein removing treatment. 

[0256] Furthermore, the cream component was dried to obtain a low allergic natural rubber latex which has been 
subjected to a protein decomposition treatment and a protein removing treatment. 

5 Example 1 6 

(Only protein decomposition treatment) 

[0257] In the same manner as in Example 14 (namely, the HA latex is used as a starting material), except that 
10 aforementioned P "Amano" 3G was used as the protease having an exopeptidase activity in place of aforementioned 
"Umamizyme" and that the amount was changed to, 0.1 parts by weight based on 100 parts by weight of the rubber 
content of the latex, the decomposition treatment of the protein was carried out to obtain a low allergic natural rubber 
latex. 

[0258] Furthermore, the rubber component of the low allergic natural rubber latex thus obtained was coagulated and 
is dried to obtain a low allergic natural rubber latex which has been subjected to a protein decomposition treatment. 

(Protein decomposition treatment and protein removing treatment) 

[0259] In the same manner as in Example 14, the low allergic natural rubber latex which has been subjected to the 
20 protein decomposition treatment by the protease P "Amano' 3G was subjected to the dilution treatment, the centrifu- 
gatlon treatment and the redispersion treatment to obtain a low allergic natural rubber latex which has been subjected 
to a protein decomposition treatment and a protein removing treatment. 

[0260] Furthermore, the cream component was dried to obtain a low allergic natural rubber latex which has been 
subjected to a protein decomposition treatment and a protein removing treatment. 

25 

Example 1 7 

(Only protein decomposition treatment) 

30 [0261] In the same manner as in Example 13 (namely, the field latex is used as a starting material), except that a 
protease produced by microorganisms which belong to Rhizopus oryzae [manufactured by Amano Enzyme, Inc. under 
the trade name of "Peptidase R" ] was used as the protease having an exopeptidase activity in place of aforementioned 
"Umamizyme" and that the amount was changed to 0.1 parts by weight based on 100 parts by weight of the rubber 
content of the latex, the decomposition treatment of the protein was carried out to obtain a low allergic natural rubber 

35 latex. 

[0262] The protease "Peptidase R" Is a protease, which has a peptidase activity of 420 u/g or more (pH 7.0, LGG 
method) and has both an exopeptidase activity and an endopeptidase activity and also has an optimum pH in a neutral 
range as shown in Table 2. 

[0263] Furthermore, the rubber component of the low allergic natural rubber latex thus obtained was coagulated and 
40 dried to obtain a low allergic natural rubber latex which has been subjected to a protein decomposition treatment. 

(Protein decomposition treatment and protein removing treatment) 

[0264] In the same manner as in Example 13, the low allergic natural rubber latex which has been subjected to the 
43 protein decomposition treatment was subjected to the dilution treatment, the centrifugation treatment and the redis- 
persion treatment to obtain a low allergic natural rubber latex which has been subjected to a protein decomposition 
treatment and a protein removing treatment. 

[0265] Furthermore, the cream component was dried to obtain a low allergic natural rubber latex which has been 
subjected to a protein decomposition treatment and a protein removing treatment. 

so 

Example 1 8 

(Only protein decomposition treatment) 

55 [0266] In the same manner as in Example 14 (namely, the HA latex is used as a starting material), except that 
aforementioned "Peptidase R" was used as the protease having an exopeptidase activity in place of aforementioned 
"Umamizyme" and that the amount was changed to 0.1 parts by weight based on 100 parts by weight of the rubber 
content of the latex : the decomposition treatment of the protein was carried out to obtain a low allergic natural rubber 
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tatex. 

[0267] Furthermore, the rubber component of the low allergic natural rubber latex thus obtained was coagulated and 
dried to obtain a low allergic natural rubber latex which has been subjected to a protein decomposition treatment. 

5 (Protein decomposition treatment and protein removing treatment) 

[0268] In the same manner as in Example 1 4, the low allergic natural rubber latex which has been subjected to the 
protein decomposition treatment by the protease "Peptidase FT was subjected to the dilution treatment, the centrifu- 
gation treatment and the redispersion treatment to obtain a low allergic natural rubber latex which has been subjected 
w to a protein decomposition treatment and a protein removing treatment. 

[0269] Furthermore, the cream component was dried to obtain a low allergic natural rubber latex which has been 
subjected to a protein decomposition treatment and a protein removing treatment. 

Comparative Example 3 

15 

(Only protein decomposition treatment) 

[0270] To 100 parts by weight of a rubber content of a field latex, 0.1 parts by weight of an alkali protease, 1 .0 parts 
by weight of a nonionic surfactant and 0.12% of sodium naphthenate were added, thereby to stabilize the latex. 
20 [0271] As the alkali protease, a protease, which is derived from bacteria and is also produced by microorganisms 
which belong to Bacillus llcheniformis [manufactured by Novo-Nordisk Bloindustrl A/S under the trade name of "Alcalase 
2.0M"], was used. This alkali protease had a potency of 2.0 AU/g (pH 8.3) and has an optimum pH in an alkali range, 
as shown in Table 1 , and also has an endopeptidase but has no exopeptidase activity. 

[0272] After adjusting the pH to 9.2 by using sodium dihydrogenphosphate, the latex was aged by allowing to stand 
25 at 30°C for 24 hours to obtain a natural rubber latex which has been subjected to a protein decomposition treatment. 

(Protein decomposition treatment and protein removing treatment) 

[0273] The low allergic natural rubber latex which has been subjected to the protein decomposition treatment was 
30 diluted with an aqueous 1% solution of a nonionic surfactant, thereby to reduce the rubber content of the latex to 1 0%, 
and then subjected to a centrifugation treatment at 13000 rpm for 30 minutes. The cream component thus separated 
in the upper layer was taken out and then dispersed again in the same amount of water to obtain a natural rubber latex 
which has been subjected to a protein decomposition treatment and a protein removing treatment. 
[0274] Furthermore, the cream component was dried to obtain a deprotelnized natural rubber latex. 

35 

[Evaluation of protein decomposition treatment] 

[0275] The results of the evaluation of the protein decomposition treatment (the measurement of the nitrogen content 
and the measurement of the content index of the allergic protein) in Examples 13 to 1 B and Comparative Example 3 
40 are the same as those in Examples 1 to 6 and Comparative Example 1 . 

(Analysis of molecular weight of protein) 

[0276] The results of the analysis of the molecular weight of the protein with respect to the natural rubber latexes 
45 obtained in Example 13 and Comparative Example 3 are the same as those in Example 1 (Fig. 1) and Comparative 
Example 1 (Fig. 3). 

[Preparation of deprotenized natural rubberl 
so Example 1 9 

(Decomposition of protein by alkali protease) 

[0277] To 100 parts by weight of a rubber content of a field latex, 1 .0 parts by weight of a nonionic surfactant and 
55 0.1 2% of sodium naphthenate were added, thereby to stabilize the latex. To 1 00 parts by weight of the rubber content 
of this latex, 0.1 parts by weight of an alkali protease was added, and then the latex was aged by allowing to stand at 
30°C for 24 hours. 

[0278] As the alkali protease, a protease, which is a protease derived from bacteria and is produced by mlcroorgan- 
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isms which belong to Bacillus ficheniformis as a kind of bacteria of the genus Bacillus [manufactured by Novo-Nordisk 
Bioindustri A/S under the trade name of "Alcalase 2.0M"], was used. This alkali protease had a potency of 2.0 AU/g 
(pH 8.3) and has an optimum pH in an alkali range, as shown in Table 1, and also has an endopeptidase but has no 
exopeptidase activity. 

5 

(Decomposition of protein by protease having exopeptidase activity) 

[0279] To the aged latex, an aqueous 5% sodium dihydrogenphosphate solution was added, thereby to adjust the 
pH to 7.0. To 100 parts by weight of the rubber content of the latex, 0.1 parts by weight of a protease having an 
10 exopeptidase activity was added. After the addition of the protease, the latex was aged again by allowing to stand at 
30°C for 24 hours. 

[0280] As the protease, a protease, which has both an exopeptidase activity and an endopeptidase activity and an 
optimum pH in a neutral range, and is also produced by microorganisms which belong to Aspergillus oryzae (manu- 
factured by Amano Enzyme, Inc. under the trade name of "Umamlzyme"!, was used (see Table 2). This protease had 
is a peptidase activity of 70 u/g or more (pH 7.0, LGG (L-Leucyl-Glycyl-Glycine) method). 

(Removal of protein and decomposition product thereof) 

[02B1] After the completion of the enzyme treatment, the latex was diluted with an aqueous 1% solution of a nonionic 
20 surfactant, thereby to reduce the rubber content of the latex to 1 0% : and then subjected to a centrifugation treatment 
at 13000 rpm for 30 minutes. The cream component thus separated in the upper layer was diluted again and then 
subjected to the second centrifugation treatment in the same manner as described above. 

[0282] The resulting cream component was dispersed again in water to obtain a deproteinized natural rubber latex. 
The deproteinized natural rubber latex was coagulated and dried to obtain a deproteinized natural rubber. 

25 

Example 20 

(Decomposition of protein by alkali protease) 

30 [0283] A high ammonia latex (hereinafter referred to as a "HA latex" ) was diluted so that so that the rubber content 
is reduced to 30% by weight. To 1 00 parts by weight of a rubber content of a field latex, 1 .0 parts by weight of a nonionic 
surfactant and 0.12% of sodium naphthenate were added, thereby to stabilize the latex. To 100 parts by weight of the 
rubber content of this latex, 0.1 parts by weight of an alkali protease (aforementioned "Alcalase 2.0M") was added, 
and then the latex was aged by allowing to stand at 30°C for 24 hours. 

35 

(Decomposition of protein by protease having exopeptidase activity) 

[0284] To the aged latex, an aqueous 5% sodium dihydrogenphosphate solution was added, thereby to adjust the 
pH to 7.0. To 100 parts by weight of the rubber content of the latex. 0.1 parts by weight of a protease having an 
40 exopeptidase activity (aforementioned "Umamizyme") was added. After the addition of the protease, the latex was 
aged again by allowing to stand at 30°C for 24 hours. 

(Removal of protein and decomposition product thereof) 

45 [0285] After the completion of the enzyme treatment, the latex was diluted with an aqueous 1% solution of a nonionic 
surfactant, thereby to reduce the rubber content of the latex to 10% : and then subjected to a centrifugation treatment 
at 13000 rpm for 30 minutes. 

[0286] The cream component thus separated in the upper layer was diluted again and then subjected to the second 
centrifugation treatment in the same manner as described above. 
so [0287] The resulting cream component was dispersed again in water to obtain a deproteinized natural rubber latex. 
The deproteinized natural rubber latex was coagulated and dried to obtain a deproteinized natural rubber 

Example 21 

ss (Decomposition of protein by alkali protease) 

[0288] In the same manner as in case of the "decomposition of the protein by the alkali protease" of Example 19, 
the protein In the field latex was decomposed by the alkali protease (aforementioned "Alcalase 2.0M"). 
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(Decomposition of protein by protease having exopeptidase activity) 

[02B9] In the same manner as in case of the "decomposition of the protein by the protease having an exopeptidase 
activity" of Example 1 9, except that a protease produced by microorganisms which belong to Aspergillus melius [man- 
ufactured by Amano Enzyme, Inc. under the trade name of P "Amano' 3G] was used as the protease having an ex- 
opeptidase activity In place of aforementioned "Umamizyme" and that the amount was changed to 0.1 parts by weight 
based on 1 00 parts by weight of the rubber content of the latex, the decomposition treatment of the protein was carried 
out. 

[0290] The protease P "Amano" 3G is a protease, which has a protein digestion potency of 10000 u/g or more (pH 
7.0, Amano method) and has both an exopeptidase activity and an endopeptidase activity and also has an optimum 
pH in a neutral range as shown in Table 2. 

(Removal of protein and decomposition product thereof) 

[0291] In the same manner as in case of the "removal of the protein and the decomposition product thereof" of 
Example 19, except that the latex was used after the completion of the enzyme treatment by the protease P "Amano" 
3G, the centrifugation treatment was carried out to obtain a deproteinized natural rubber latex and a deproteinized 
natural rubber. 

Example 22 

(Decomposition of protein by alkali protease) 

[0292] In the same manner as in case of the "decomposition of the protein by the alkali protease" of Example 20, 
the protein in the HA latex was decomposed by the alkali protease (aforementioned "Alcalase 2.0M"). 

(Decomposition of protein by protease having exopeptidase activity) 

[0293] in the same manner as in case of the "decomposition of the protein by the protease having an exopeptidase 
activity" of Example 20, except that aforementioned P "Amano" 3G was used as the protease having an exopeptidase 
activity in place of aforementioned "Umamizyme" and that the amount was changed to 0.1 parts by weight based on 
100 parts by weight of the rubber content of the latex, the decomposition treatment of the protein was carried out. 

(Removal of protein and decomposition product thereof) 

[0294] in the same manner as in case of the "removal of the protein and the decomposition product thereof" of 
Example 20, except that the latex was used after the completion of the enzyme treatment by the protease P "Amano" 
3G. the centrifugation treatment was carried out to obtain a deproteinized natural rubber latex and a deproteinized 
natural rubber. 

Example 23 

(Decomposition of protein by alkali protease) 

[0295] In the same manner as in case of the "decomposition of the protein by the alkali protease" of Example 19, 
the protein in the field latex was decomposed by the alkali protease (aforementioned "Alcalase 2.0M"). 

(Decomposition of protein by protease having exopeptidase activity) 

[0296] In the same manner as in case of the "decomposition of the protein by the protease having an exopeptidase 
activity" of Example 1 9, except that a protease produced by microorganisms which belong to Rhizopus oryzae [man- 
ufactured by Amano Enzyme, Inc. under the trade name of "Peptidase R"] was used as the protease having an ex- 
opeptidase activity in place of aforementioned "Umamizyme" and that the amount was changed to 0.1 parts by weight 
based on 1 00 parts by weight of the rubber content of the latex, the decomposition treatment of the protein was carried 
out. 

[0297] The protease "Peptidase R" is a protease : which has a peptidase activity of 420 u/g or more (pH 7,0, LGG 
method) and has both an exopeptidase activity and an endopeptidase activity and also has an optimum pH in a neutral 
range as shown in Table 2. 
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(Removal of protein and decomposition product thereof) 

[0298] In the same manner as in case of the "removal of the protein and the decomposition product thereof" of 
Example 1 9, except that the latex was used after the completion of the enzyme treatment by the protease "Peptidase 
s R a , the centrifugation treatment was carried out to obtain a deproteinized natural rubber latex and a deproteinized 
natural rubber. 

Example 24 

io (Decomposition of protein by alkali protease) 

[0299] In the same manner as in case of the "decomposition of the protein by the alkali protease" of Example 20, 
the protein in the field latex was decomposed by the alkali protease (aforementioned "Alcalase 2.0M"). 

1 * (Decomposition of protein by protease having exo peptidase activity) 

[0300] In the same manner as in case of the "decomposition of the protein by the protease having an exopeptidase 
activity" of Example 20 f except that aforementioned "Peptidase R M was used as the protease having an exopeptidase 
activity in place of aforementioned "Umamizyme" and that the amount was changed to 0.1 parts by weight based on 
20 1 00 parts by weight of the rubber content of the latex, the decomposition treatment of the protein was carried out. 

(Removal of protein and decomposition product thereof) 

[0301] In the same manner as in case of the "removal of the protein and the decomposition product thereof" of 
25 Example 20, except that the latex was used after the completion of the enzyme treatment by the protease "Peptidase 
R u , the centrifugation treatment was carried out to obtain a deproteinized natural rubber latex and a deproteinized 
natural rubber. 

Comparative Example 4 

30 

[0302] A deproteinized natural rubber was prepared according to the method described in Japanese Patent No. 
2,905,005. 

[0303] A HA latex was diluted so that the rubber content is reduced to 30% by weight. To 1 00 parts by weight of a 
rubber content of a field latex, 0.1 parts by weight of an alkali protease, 1.0 parts by weight of a nonionic surfactant 

35 and 0.12% of sodium naphthenate were added, thereby to stabilize the latex. 

[0304] As the alkali protease, a protease, which is a protease derived from bacteria and Is produced by microorgan- 
isms which belong to Bacillus licheniformis as a kind of bacteria of the genus Bacillus [manufactured by Novo-Nordisk 
Bioindustri A/S under the trade name of "Alcalase 2.0M"], was used. This alkali protease had a potency of 2.0 AU/g 
(pH 8.3) and has an optimum pH in an alkali range, as shown in Table 1, and also has an endopeptidase but has no 

40 exopeptidase activity. 

[0305] After adjusting the pH to 9.2 by using sodium dlhydrogenphosphate, the latex was aged by allowing to stand 
at 30° C for 24 hours. 

[0306] After the completion of the enzyme treatment, the latex was diluted with an aqueous 1 % solution of a nonionic 
surfactant, thereby to reduce the rubber content of the latex to 10%, and then subjected to a centrifugation treatment 
43 • at 13000 rpm for 30 minutes . 

[0307] The cream component thus separated in the upper layer was dispersed again In waterto obtain a deproteinized 
natural rubber latex. The cream component was coagulated and dried to obtain a deproteinized natural rubber. 

[Evaluation of protein decomposition treatment] 

so 

[0308] The results of the evaluation of the protein decomposition treatment (the measurement of the nitrogen content 
and the measurement of the content index of the allergic protein) in Examples 19 to 24 and Comparative Example 4 
are the same as those in Examples 7 to 12 and Comparative Example 2 shown in Table 4. 

55 (Measurement of infrared absorption spectrum) 

[0309] A crude rubber film for measuring an infrared absorption spectrum was obtained by taking out each (36 g) of 
the deproteinized natural rubber latexes obtained in Example 19 and Comparative Example 4, spreading over the latex 
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on a glass plate of 1 8 cm x 1 2 cm in size, dried by allowing to stand at room temperature, peeling off from the glass 
plate, drying the surface contacted with the glass surface for a day, and drying under vacuum. 
[0310] The film was placed on a KBr plate and the absorbance was measured by a Fourier infrared spectrometer 
J AS CO 5300. 

[0311] As a result, an absorption at 3280 cm* 1 of polypeptide could not detected with respect to any samples made 
from the latexes of Example 1 9 and Comparative Example 4. 

(Analysis of molecular weight of protein) 

[0312] The results of the analysis of the number-average molecular weight <Mn> of the remained protein and the 
protein decomposition product with respect to the latexes of Example 1 9, 20, 21 and 22 and Comparative Example 4 
are the same as those shown in Figs. 5, 6 5 7, 8 and 9. 



Claims 

1 . A method of preparing a low allergic natural rubber latex, which comprises adding a protease having an exopepti- 
dase activity to a natural rubber latex and aging the natural rubber latex, thereby to decompose protein in the latex 
to such a degree that protein and protein decomposition products, which have a number-average molecular weight 
of 4500 or more, are substantially absent. 

2. A method according to claim 1 , wherein the protein and the decomposition products thereof in the latex are removed 
after decomposing the protein. 

3. A method of preparing a deproteinized natural rubber latex, which comprises adding an alkali protease to a natural 
rubber latex, thereby to decompose protein in the latex, adding a protease having an exopeptldase activity, thereby 
further to decompose the protein and decomposition products thereof In the latex, and removing the protein and 
the decomposition products thereof. 

4. A method according to claim 2 or 3, wherein the protein and the decomposition products thereof are removed by 
a centrifugatian treatment. 

5. A method according to any of claims 1 to 4, wherein the pH of the latex is adjusted to a neutral range before treating 
with the protease having an exopeptidase activity. 

6. A method according to any of claims 1 to 5, wherein the protease having an exopeptidase activity is produced by 
microorganisms which belong to the genus Aspergillus or Rhizopus. 

7. A method according to claim 6, wherein the microorganisms belong to Aspergillus oryzae or Aspergillus melius. 

8. A method according to claim 6, wherein the microorganisms belong to Rhizopus oryzae. 

9. A method according to any of claims 1 to 8, wherein the decomposition treatment of the protein is carried out In 
the presence of a surfactant. 

10. A low allergic natural rubber obtainable by decomposition treatment of a protein, wherein protein and protein de- 
composition products, which have a number-average molecular weight of 4500 or more, are substantially absent. 

11 A rubber according to claim 12, wherein protein and protein decomposition products, which have a number-average 
molecular weight of 1 500 or more, are substantially absent. 

12. A rubber according to claim 10 or 11 , wherein the content index of allergic protein capable of producing an IgE- 
class antibody in a human blood serum is 10 u.g/g or less, preferably 5 u,g/g or less. 

13. A deproteinized natural rubber obtainable by a decomposition treatment and a protein removal treatment, wherein 

the content of protein is 0.02% or less in terms of nitrogen content, 

an absorption at 3280 cm* 1 Is substantially absent from the infrared absorption spectrum, and 
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protein and protein decomposition products, which have a number-average molecular weight of 4500 or more, 
are substantially absent. 

14. A rubber according to claim 13, wherein protein and protein decomposition products, which have a number-average 
molecular weight of 1500 or more, are substantially absent. 

15. A rubber according to claim 13 or 14, wherein a content index of an allergic protein capable of producing an IgE- 
class antibody in a human serum is 1 0 ,ug/g or less, preferably 5 jig/g or less. 
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